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NOVEL HIGH AFFINITY HUMAN ANTIBODIES TO TUMOR 

ANTIGENS 
BACKGROUND OF THE INVENTION 
Tliis application is a continuation-in-part of United States Provisional 
Applications U.S.S.N. 60/000,238 and U.S.S.N. 60/000,250, filed on June 14, 1995 and 
June IS, 1995 respectively. These applications are incorporated by reference for all 
purposes. 

The invention was made by or under a contract with the following 
agencies of the United States Government: Army Grant No. DAMD17-94-J-4433 and the 
Department of Health and Human Services, National Institutes of Health, Grant No. UOl 
CA51880. 

This invention pertains to the fieldis of immunodiagnostics and 
immunotherapeutics. In particular, this invention pertains to the discovery of novel 
human antibodies that specifically bind to c-erbB-2, and to chimeric molecules containing 

^ ■ s. 

these antibodies. 

Conventional cancer chemoth^apeutic agents cannot distinguish between 
normal cells and tumor cells and hence damage and kill normal proliferating tissues. 
One approach to reduce this toxic side effect is to specifically target the 
diemotherapeutic agent to the tumor. This is the rationale behind the development of 
imniunotoxins, chimeric molecules composed of an antibody either chemically conjugated 
or fused to a toxin that binds specifically to antigens on the surfoce of a tumor cell 
thereby killing or inhibiting the growth of the cell (Frankel ei at. Ann. Rev. Med., 37: 
127 (1986)). The majority of immunotoxins prepared to date, have been made using 
murine monoclonal antibodies (Mabs) that exhibit specificity for tumor cells. 
Immunotoxins made from Mabs demonstrate relatively sdective killing of tumor cells in 
vitro and tumor regression in animal modds {id.). 

Despite these promising results, the use of immunotoxins in humans has 
been limited by toxicity, inmiunogenicity and a failure to identify highly specific tumor 
antigens ^yers et al. Cancer Res., 49: 6153). Nonspecific toxicity results from the 
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fiuliue of flie monoclonal antibody to bind specifically and vdth high affinity to tumor 
cells. As a result, nonspecific ceU killing occurs. In addition, the foreign immunotoxin 
molecule elicits a strong immune response in humans. The immunogenicity of the toxin 
porticm of fbs immunotoxin has recoitly been overcome by using the human analog of 
RNase (Rybak « al. Proc. Nat. Acad, ScL, USA, 89: 3165 (1992)). The murine 
antibody portion, however, is still significantly immunogenic (Sawler etal.,J. Immunol, 
135: 1530 (1985)). 

Lnmunogeiddty could be avoided and toxicity reduced if high afBnity 
tumor qwdfic human antibodies were available. Kmever, the production of human 
mcmodonal antibodies using conventiooal hyl»idoma technology has proven extremely 
difScult (James et oil., J. JmmunoL MeOu, 100: 5 (1987)). Fuitfaermore, the paucity of 
purified tumor-specific antigens makes it necesssuy to immunize with intact tumor cells 
or partiaUy purified anti^. Kfost of the antibodies produced react wxdi antigens which 
are also common to normal odls and are dier^Dre unsuitable for use as tumor-specific 
targeting molecules. 

SUMMARY OF THE INVENTION 
Hiis invmtion provides novel human antibodies that specifically bind to 

the extraceUular domain of the c-erbB-2 protein product of the HER2/neu oncogene. 

Tliis antigen (marker) is overexpressed on many cancers (eg. cardnomas) and thus the 

antibodies of the present invention specifically bind to tumor cells that eqness c-erbB-2. 

In a preferred embodiment, the antibody is a C6 antibody derived ftom the 

sPv antibody C6.5. Hie antibody may contain a variable heavy chain, a variable light 

chain, or both a variable heavy and variable light chain of C6.5 or its derivatives. In 
addition the antibody may contain a variable heavy chain, a variable light chain or both a 
variable heavy and variable light chain of C6.5 in which one or more of the variable 
heavy or variable light complonentarity d^erminirig regicms (CDRl, Ca>R2 or CDR3) 
has been altered (e.g., mutated). Farticulariy preferred CDR variants are listed in the 
specification and in Exanq)les 1, 2 and 3. Farticulariy preferred C6 antibodies include 
C6.5, C6ML3^14, Cfil^l and C6MH3-B1. In various preferred embodiments, tiiese 
antibodies are single chain antibodies (sFv also known as scFv) comprising a yariable 
heavy chain joined to a variable light chain eitiier directiy or tiuough a peptide linker. 
Other preferred embodiments of tiie C6 antibodies and C6.5, C6ML3>14, C6L1, and 
C6MH3-B1, in particular, include Fab, the dimer (Fab')j, and tiie dimer 
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Particularly preferred (sFv')2 dimers are fusion proteins where the Sfv' components are 
joined through a peptide linkage or through a peptide (G^. Still other preferred C6 
antibodies include an antibody selected from the group consisting of an antibody having a 
Yl domain with one of the amino add sequences shown in Table 10, an antibody having 
5 a Vh domain with one of the amino add sequences shown in Table 12, an antibody 

having a Vj. CDR3 domain having one of the amino add wq^Foirps shown in Tables 4, 
15, and 16, and an antibody having a Vg CDR3 domain having one of the amino add 
sequences shown in Tables 13 and 14. Odier preferred embodiments are to be found 
replete throughout the specification. 

» particularly prefcnai embodiment, the C6 antibody has a ranging 
from about 1.6x 10* to about 1 x la" M in SK-BR-3 oeUs using Scatchard analysis or 
as measured against purified c-eibB-2 by surfece plasmon resonance in a BIAcore. 

In another embodiment the present invention provides for nucldc adds diat 
encode any of the above-described C6 antibodies. The invention also provides for 
15 nuddc adds that encode the amino acid sequaices of C6.5, C6ML3-14, CfiLl, C6MH3- 
Bl, or any of the other amino add sequences encoding C6 antibodies and described in 
Example 1, 2 or 3. In addition this invoition provides for nudeic add M'^'.^nrf^ 
encoding any of these amino add sequences having conservative amino add 
substitutions. 

20 In still anotiier embodiment, this invention provides for proteins 

comprising one or more complementarity determining regions selected from the group 
consisting of die complementarity determining regions of Tables 10, 12, 13, 14, 15. and 
16 and of any of die examples, in particular of Examples 1, 2 or 3. Otfier particulariy 
preferred antibodies indude any of die antibodies expressed by tiie dones described 

25 heidn. 

In still yet anotiier embodiment, titis invention provides for cells 
comprising a recombinant nucleic add which is any of die above described nuddc adds. 

This invention also provides for chimeric molecules tiiat specifically bind a 
tumor cdl bearing c-ert>B-2. The chimeric molecule comprises an effector molecule 
30 joined to any of tije above-described C6 antibodies. In a preferred embodiment, tfie 
efiiector molecule is selected from the group consisting of a cytotoxin (e.g. PE, DT, 
Ridn A, etc.), a labd, a radionuclide, a drug, a liposome, a ligand, an antibody, and an 
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antigen binding domaine). The C6 antibody may be chemically conjugated to the 
effector molecule or the chimeric molecule may be apiessed as a fusion protein. 

This invention provides for methods of making C6 antibodies. One 
method proceeds by i) providing a phage library presenting a C6.S variable heavy chain 
5 and a multiplicity of human variable light chains; ii) panning the phage library on c- 
eibB-2; and iii) isolating phage that specifically biiid c-eibB-2. lliis method optionally 
further includes iv) providing a phage library i»esenting the variable light chain of flie 
phage isolated in step iii and a multiplicity of human variable heavy chains; v) panning 
ttie phage libraiy cm c-eibB-2; and vi) isolating phage diat specifically bind c-eibB-2. 
10 Another method fixr making a C6 antibody proceeds by i) providing a 

phage library prnenting a C6.S variable light chain and a multiplicity of human variable 
heavy diains; ii) panning the phage library on c-erbB-2; and iii) isolating phage that 
specifically bind c-eri>B-2. 

Yet another method for maldng a C6 antibody involves i) providing a 
IS phage library presenting a C6.S variable light and a C6.5 variable heavy chain encoded 
by a nucleic acid variable in the sequmce encoding CDRl, CDR2 or CDK3 such that 
each phage displays a difPermt CDR; ii) panning the phage library on c-erbB-2; and 
isolating the phage that specifically bind c-^B-2. 

This invention also provides a method for impairing growth of tumor cells 
20 bearing c-erfoB-2. This method involves contacting the tumor with a chimeric molecule 
comprising a cytotoxin attached to a human C6 antibody tiuu specifically binds c-erbB-2. 

Finally, this invmtion provides a method for detecting tumor cells bearing 
c-erbB-2. This method involves contacting the biological samples derived fiom a tumw 
with a diimeric molecule comprisiiig a label attached to a human C6 antibody that 
25 q)ecifically binds c-eibB-2. 

Pef|nittPB8 

The following abbreviations are used herein: AMP, ampidUin; c-erfoB-2 
ECDy extracellular domain of c-erbB-2; CDR, complementarity determining regim; 
30 EUSA, enzyme linked immunosorb»t assay; FACS, flucnescence activated cell sorter, 
TR, framework region; Olu, glucose; HBS, hq)es buffered saline, 10 mM hepes, 150 
mM NaCl, pH 7.4; IMAC, immobilized metal affinity chromatography; k;„, association 
rate constant; k^^r* dissociation rate constant; MPBS, skimmed milk powder in PBS; 
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MTPBS, skimmed milk powder in TPBS; PBS, phosphate bu£fered saline, 25 mM 
NaH2P04, 125 mM NaQ, pH 7.0; PGR, polymerase chain reaction; RU» resonance 
units; scFv or sFv, single-chain Fv fragment; sFv': Fv containing cysteine; TPBS, 
0.05% v/v Tween 20 in PBS; SPR, surface plasmon resonance; V^, immunoolobuiin 
5 kappa light chain variable region; Vp innmunoglobulin lambda light chain variable 
region; V^, immunoglobulin light chain variable region; Vh/ immunoglobulin 
heavy chain variable region; wt, wild type. 

As used herein, an "antibody" xefors to a protein omsistuig of one or more 
polypeptides substantially encoded by inununoglbbulin genes or fragments of 

10 immunoglobulin genes. The recognized inununoglobulin genes include the kappa, 

lambda, alpha, gamma, delta, epalon and mu constant region graes, as well as myriad 
immunoglobulin variable region genes. Light chains are classified as either kappa or 
lambda. Heavy chains are classified as gamma, mu, alpha, delta, or q)silon, which in 
turn define the immunoglobulin classes, IgG, IgM, IgA, IgD and IgE, respectively. 

15 A typical immunoglobulin (antibody) structural unit is known to comprise 

a tetramer. Each tetiamer is composed of two identical pairs of polypq)tide chains, each 
pair having one "light" (about 25 U>) and one "heavy" chain (about 50-70 kD). The 
N-terminus of eadi chain defines a variable regicm of about 100 to 110 or more a 
acids primarily responsible for antigen recognition. The terms variable light chain (Vl) 

20 and variable heavy chain (Vh) rtfer to these ligiit and heavy chains respectively. 

Antibodies exist as intact immunoglobulins or as a nunlber of well 
diaracterized firagments produced by digestion with various pq[>tidases. Thus, for 
example, pqpsin digests an antibody below the disulfide linkages in the hinge r^ion to 
produce F(ab)'2. a dimer of Fab which itself is a light chain joined to Vh-ChI by a 

25 disulfide bond. The F(ab)*2 may be reduced under mild conditions to break tiie disulfide 
linkage in the hinge region thereby convoting die ^ab*>2 dimer into an Fab' monoma . 
The Fab* monomer is essentially an Fab with part of the hinjge region (see^ FUndamemal 
Immunology, W.E. Paul, ed., Raven Press, N.Y. (1993), for a more detailed description 
of other antibody fiagmmts). While various antibody fragmoits are defined in terms of 

30 the digestion of an intact antibody, one of skill will predate that such Fab' fragmoits 
may be synthesized de novo either chemically or by utilizing recombinant DNA 
methodology. Thus, the term antibody, as used herdn also includes antibody fragments 
eiiher produced by the modification of whole antibodies or synthesized de novo using 
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xecombinant DNA methodologies. Preferred antibodies include single chain antibodies, 
more preferably single chain Fv (sFv) antibodies in which a variable heavy and a 
variable light chain are joined together (directly or through a peptide linkv) to form a 
continuous polypeptide. 
S An "antigen-binding site" or "binding portion" refers to the part of an 

immunoglobulin molecule that participates in antigen binding. The antigen binding site is 
fomied by amino add residues of tht N-terminal. variable ("V") regions of die heavy 
TH") and light ("L") diains. Three highly diveigent stretches within the V regions of 
the heavy and light chains are referred to as "hypervariable regions* whidi are 

10 interposed between more conserved flanking stretches known as "fiamewoik regions" or 
"FRs". Urns, the term "FR" refers to amino add sequences which are naturally found 
betwera and adjacent to hypenraiiable regions in immunoglobulins. In an antibody 
molecule, the three hypervariable regions of a light chain and the three hyp^ariable 
regions of a heavy chain are disposed relative to each other in three dimensional space to 

IS form an antigen binding "sur&ce". This surface mediates recognition and binding of the 
target antigen. The three hyp^variable regions of each of the heavy and light diains are 
referred to as "complemmtarity determining regions" or "CDRs" and are characterized, 
for example by Kabat er al. Sequences of proteins of immunological interest^ 4th ed. 
U.S. Dept. Health and Human Services, Public^ealth Savices, Bethesda, MD (1987). 

20 As used herdn, the terms "immunological binding" and "immunological 

binding properties" refer to the non-covalent interactions of the type which occur 
betwem an immunoglobulin molecule and an antigen for whidi the ioununoglobulin is 
specific. The strength or affinity of inimunological binding interactions can be repressed 
in terms of the dissociation constant QH^ of the interaction, whmin a smaller Kfl 

25 represrats a greater affinity. Inunundpgical binding properties of selected polypeptides 
can be quantified using methods well known in die art. One such method mtails 
measuring the rates of antigCT-binding site/antigm complex formation and dissodatim, 
wheidn tiiose rates depmd on the concentrations of tiie complex piEurtners, tiie affinity of 
the interaction, and on geometric parameters tiiat equally influence die rate ih'bolh 

30 directions. Tlius, botii the "on rate ccmstant" OoJ and the "off rate consent" Qi^ can 
be detemuned by calculation of the concentrations and the actual rates of association and 
dissociation. The ratio of k^k„ raables cancellation of aU parameters riot rdated to 
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a£fituty and is thus equal to the disscxdation constant K^. See, generally^ Davies et al. 
Ann. Rev. Biochem., 59: 439-473 (1990). 

The term "C6 antibody", as used herein refers to antibodies derived from 
C6.S whose sequence is expressly provided herein. C6 antibodies preferably have a 
S binding affinity of about 1.6 x 10^ or better and are preferably derived by screening (for 
affinity to c-erbB-2) a phage display library in which a known C6 variable heavy (Vh) 
chain is expressed in combination with a multiplicity of variable light (VJ chains or 
conversely a known C6 variable light chain is expressed in combinaticm with a^ 
multipUdty of variable heavy (Vh) chains. C6 antibodies also include those antibodies 
10 produced by the introduction of mutations into the variable heavy or variable light 
complementarity determining regions (C3>R1, CDR2 or CPR3) as described herein. 
Finally C6 antibodies include those antibodies produced by any combination of these 
modification methods as applied to C6.5 and its derivatives. 

A single chain Fv ("sFv" or "scFv") polypq)tide is a covalenfly linlsd 
15 Vh::Vl heterodimo- which may be expressed from a nucleic add including Vh- and V^- 
encoding sequraces eitiier joined directiy or joined by a peptide-encoding linker. 
Huston, et al. Proc. Nat. Acad. Sci. USA, 85: 5879-5883 (1988). A number of 
structures for converting the naturally aggregated— but chemically separated light and 
heavy polypeptide chains fix)m an antibody V region into an sFv molecule which will 
20 fold into a three dimensional structure substantially simUar to the structure of an antigm- 
binding site. See, e.g. U.S. Patent Nos. 5, 091,513 and 5,132,405 and 4,956,778. 

In one dass of embodiments, recombinant design methods can be used to 
devdop suitable chemical structures (linkers) for converting two naturally associated— but 
chemically sqiarate-heavy and light polypeptide chains from an antibody variable r^on 
25 into a sPv molecule which will fold into a three<limensional structure titiat is substantially 
similar to native antibody structure. 

Design critoia indude determination of the appropriate lengtii to span the 
distance between tiie C-terminal of one chain and the N-terminal of tiie otiier, wherein 
the linker is generally formed from small hydrophilic amino add residues that do not 
30 tend to coil or form secondary structures. Such metiiods have been described in the art. 
See, e.g., U.S. Patent Nos. 5.091,5D and 5,132,405 to Huston et al.; and U.S. Patent 
No. 4,946,778 to Ladn» et al. 
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In this regard, the first general stq> of linker design involves identification 
of plausible sites to be linked. Appropriate linkage sites on each of the Vh and V^. 
polypq>tide domains include those which will result in the minimum loss of residues 
from the polypeptide domains, and which will necessitate a linker comprising a miiiimum 
S numbs of residues consistent with the need for molecule stability. A pair of sites 

defines a "gap" to be linked. linkm connecdng the C-terminus of one domain to the 
N-terminus of the next graerally conqprise hydrophilic amino adds which assume an 
unstructured configuration in phyadogical solutiims and preferably axe fiee of residues 
having large side groups which might intnfeie with proper folding of the Vh and 

10 diains. Thus, suitable linkers under the invention generally comprise polypqptide chains 
of altocnating sets of glycine and serine residues, and may include glutamic add and 
lysine residues inserted to eidiance solubility. One particular linkw under the invmtion 
has the amino add sequence [(Gly)4Ser]3. Another particularly preferred linker has the 
amino add sequence oonqnising 2 or 3 rq>eats of [(SK)4Gly] such as [(Ser)4Gly]3 

IS Nudeotide sequences encoding such linker moieties can be readily provii£»a^using 

various oligonucleotide synthesis techniques known in the ait. See, e.g. , Sambrook, 

The phrase "specifically binds to a protein" or "specifically 
immunoreactive widi'^^when referring to an antibody refers to a binding reaction which 

20 is determinative of the presence of the protein in the presence of a heterogeneous 
population of proteins and otha biologies. Thus, under designated immunoassay 
conditions, the specified antibodies bind to a particular protein and do not bind in a 
significant amount to other protdns present in the sample. Spedflc binding to a protein 
under such conditions may require an antibody tiiat is sdected for its spedfidty for a 

25 particular protein. For example, C6 antibodies can be raised to the c-abB-2 protdn tiuit 
bind c-^B-2 and not to other protdns present in a tissue sample. A variety of 
immunoassay formats may be used to sdect antibodies specifically immunoreactive witii 
a particular protein. For example, solid-phsise EUSA immunoassays are routindy used 
to sdect monodonal antibodies specifically immunoreactive with a protein. See Harlow 

30 and Lane (1988) Antibodies, A Laboratory Manual, Cold Spring Harbor Publications, 
New York, for a description of inununoassay formats and conditions tiiat can be used to 
detomine spedfic immunoreactivity. 
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A chimeric molecule is a molecule in which two or more molecules that 
exist sepaiatdy in their native state are joined together to form a single molecule having 
the desired functionality of all of its constituent molecules. While the chimecic molecule 
may be prepared by covalenUy linking two molecules each synthesized sqmately, one of 
5 skill in the art will appreciate that where the chimoic molecule is a fusion protein, the 
diimeta may be prqared de novo as a single "joined" molecule. 

The tenn "conservative substituticMi" is used in reference to proteins or 
pe pt ides to xeflect amino add substitutimis that do not sub^antially alter the activity 
(qiedfidty or binding afiimty) of the molecule. Typically conseivative amino add 
10 substitutions involve substitution one amino add for another amino add with similar 
c hem ical propoties (e.g. charge or hydrophobidty). Tlie following six groups each 
contain amino adds that axe typical conservative substitutions for erne anotho-: 

1) Alanine (A), Serine (S), Threonine (T); 

2) Aspartic add (D), Glutamic add (E); 
^ 3) Asparagine (N). Glutamine (Q); 

4) Axginine (R), Lysine (K); 

5) Isoleudne (I), leucine (L), Methicmine (M), Valine (V); and 

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W). 

20 BRIEF DESCRIFnON OF THE DRAWINGS 

Figure 1 illustrates the nudeic and amino add sequence of tiie C6 sFv 
antibody C6.S. 

Figure 2 diows the location of mutaticms in a Ught chdn shuffled C6L1 
and heavy chain shuffled CfiH2 sFv. Mutations are indicated as shaded spheres on the 

25 Co-caxbon tracing of the Fv fragment of the immunoglobulin KOL (Maiquait et at. 
(1990). HI, H2, H3, LI, L2 and L3 refer to the Vh and Vj. antigen binding loops 
rBq)ectivdy. Mutations in C6L1 are all located in the Vj. domain witii parental Vh 
sequence, mutations in C6H2 are all located in tiie Vh domain with parental Vl 
sequence. C6L1 has no mutations located in a fi-stiand which forms part of the Vh-Vl 

30 intei&oe. C6B2 has 2 conservative mutations located in die £-strand formed by 
fiamewcnk 3 residues. 

Figure 3 shows the locations of mutations in light chain shuffled sFv 
which spontaneously form dimers. Mutations are indicated as shaded spheres on the a- 
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caxbon tracing of the Fv fragment of the immunoglobulin KOL (Marquart et al., 1980) 
with the Vl domain located on the left side of each panel. A=C6VLD; B=C6VLE; 
C-CdVLB; D-C6\nLP. Each shuffled sPv has at least 1 mutation located in a A-strand 
which fonns part of the Vh-V^ interface. 
S Figure 4 illustrates the 72 hour biodistribution of a C6.S diabody in SK- 

OV-3 tumor-bearing scdd mice. 

DETAnJEI) DESCRIPIION 
This invention provides for novd human antibodies that specifically bind 
10 to the extracellular domain of the o-eibB*2 protein product of the HER2/neu imcQgene. 
Hie c-eibB-2 marker is overeqnessed by 30-50% of breast carcinomas and other 
adenocarcinomas and thus provides a suitable cell surface marker for spedfically 
targeting tumor cells such as carcinomas. Jn contrast to previous known anti-cerbB-2 
antibodies, the antibodies of the present invention (designated herein as C6 antibodies) 
IS are fully human antibodies. Thus, administration of these antibodies to a human host 
elicits a little or no immunogenic response. 

This invmtion additionally provides for chimeric molecules comprising the 
C6 antitxxlies of the present invention joined to an effector molecule. The C6 antibodies 
act as a ""targeting molecule** that serves to q>ecifically bind the chimeric molecule to 
20 cells bearing the c*erbB-2 marker thereby delivmng the effector molecule to the target 
cell. 

An effector molecule typically has a characteristic activity that is desired 
to be delivered to the target cell {e.g. a tumor overexpressing c-erbB-2). Effector 
molecules include cytotoxins, labels, radionuclides, ligands, antibodies, drugs, liposomes, 
25 aiid viral coat protdiis that render the virus csqped>le of ii^^ 

cell. Once delivered to the target, the effector molecule exerts its charactmstic activity. 

For oample, in one embodiment, where the effector molecule is a 
cytotoxin, the diimeric molecule acts as a potent cell-killing agent specifically targeting 
tiie cytotoxin to tumor cdls bearing the c-erbB-2 marker. Chimeric cytotcmns that 
30 specifically target tumor cells are well known to those of skill in tiie art (see, for 
example, Pastan er aL, Am. Rev. mochm., 61: 331-354 (1992)). 

In anoflier embodimmt, the chimeric molecule may be used for detecting 
the presmce or absrace of tumor cells in ^nvo or in vitro or for localizing tumor cells in 
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vivo. These methods involve providing a chimeric molecule comprising an effector 
molecule, that is a detectable label attached to the C6 antibody. The C6 antibody 
specifically binds the chimeric molecule to tumor cells eaqiressing the c-eibB-2 marker 
which are then marked by their association with tiie detectable label. Subsequoit 
detection of the oeU-assodated label indicates the presence and/or location of a tumor 
cell. 

In yet anodier embodiment, the efifectw molecule may be anodier specific 
bindiog tamety including, but not limited to an antibody, an antigen binding domain, a 
growth fiictor, or a ligand. The chimeric mdecule will then act as a highly specific 
hifunctional linker. This linker may act to bind and enhance the interaction between cells 
or cellular components to which the chimeric piotein binds. Thus, for example, where 
the "efiector" component is an anti-receptor antibody or antibody ftagment, the C6 
antibody component specificaUy binds c-crbB-2 bearing cancer cells, while the effector 
component binds receptors (c.^., IL-2, IL-4, FC7I, Fc^H and FcylH receptors) on the 
surface of immune cells. The chimeric molecule may thiis act to enhance and direct an 
immune response toward target cancer cdls. 

In still yet another embodiment the effector molecule may be a 
I^iarmacotogical agent a drug) or a vehicle contaimng a pharmacolo^cal agieaL 
This is particularly suitable where it is merdy^desired to invoke a ndn-letfaal biological 
response. Thus the C6 antibody receptor may be ccmjugated to a drug sudi as 
vinblastine, vindesine. mdphalan, N-Acetylmdphalan, mediotrexate, aminqpterin, 
doxirubidn, daunonibicin, genistein (a tyrosine kinase inhibitor), an antisense molecule, 
and other pharmacological agents known to those of skill in the art, thereby qiedficaUy 
taxg^ing the pharmaccdogical agent to tumor ceUs expressing c-eibB-2. 

Alternatively, the C6 antibody may be bound to a vehicle containiiig the 
therapeutic composition. Such vdiides include, but are not limited to Uposomes, 
micelles, various qmthetic beads, and the liVo 

One of skill in the art will appreciate that the chimeric molecules of die 
presort invention cqMicmally includes multiple targeting moieties bound to a single 
effector or cbnversely, multiple effector molecules bound to a single targeting moiety. In 
still other embodiment, the chimeric molecules includes botii multiple targeting moieties 
and multiple effector molecules. Thus, for example, tiiis invention provides for "dual 
tarseted" cytotoxic diimeric molecules in which the C6 antibody is attached to a 
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cytotoxic molecule while another molecule (e.g. an antibody, or another ligand) is 
attached to the other terminus of the toxin. Such a dual-targeted cytotoxin might 
comprise, e.g. a C6 antibody substituted for domain la at the anuno terminus of a PE 
and antl-TAC(Fv) inserted in domain m. Other antibodies may also be suitable effector 
S molecules. 

I, Preparatioii of C6 Antilmdiiifi. 

The C6 antibodies of this invention are prepared using standard tedmiques 
wdl known to those of skill in the art in combination with the polypeptide and nucleic 

10 acid sequences provided herein. The polypqydde sequences may be used to determine 

impropriate nudeic add seque n ces encoding die particular C6 antibody disdosed therdiy. 
The nuddc add sequrace may be opdmized to reflect particular codpn "prefermces" for 
various expression systems according to standard m^ods wdl known to those of skill m 
the art. Altemadvdy, tfie nudeic add sequences provided herein may also be used to 

15 eaqmess C6 antibodies. 

Using the sequence information provided, the nucleic adds may be 
synthesized according to a number of standard methods known to those of skill in the art. 
Oligonucleotide synthesis, is preferably carried out on commerdally available solid phase 
oligonucleotide synthesis machines (Needham-VanDevanter et al. (1984) Nucleic Acids 

20 Res. 12:6159-6168) or manually synthesized using the solid phase i^osphoramidite 

triester method described by Beaucage et. al. (Beaucage er. al. (1981) Tetrahedron Letts. 
22(20): 1859-1862). 

Once a nucleic acid encoding a C6 antibody is synthesized it may be 
amplified and/or doned according to standard methods. Molecular doning techniques to 

25 achieve these ends are known in the art A wide variety of doning and m virm 

amplification methods suitable for the construction of recombinant nuddc adds, e.g., 
mooding C6 antibody genn, are known to persons of skill. Examples of these 
tedmiques and instructions sufBdmt to direct persons of skill through many doning 
exercises are found in Berger and Kimmd, Guide to Molecular Chmng Tedmiques, 

30 Methods in Enzymology vdume 152 Academic Press, Inc., San Diego, CA (Berger); 
Sambrook et al. (1989) Molecular Cloning - A Laboratory Manual (2nd ed.) Vol. 1-3, 
Cold Spring Harbor Laboratory, Cold Spring Harbor Press, NY, (Sambrook); and 
Current Protocols in Molecular Biology, F.M. Ausubd et al., eds.. Current Protocols, a 
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joint venture between Greene Publishing Assodales, Inc. and John Wil^ &. Sons, Inc., 
(1994 Supplemoit) (Ausubd). Methods of producing recombinant immunoglobulins are 
also known in the art See, Cabilly, U.S. Patent No. 4,816,567; and Queen et al. (1989) 
Proc. Nat'lAcad. Set. USA 86: 10029-10033. 

Exaniples of techniques sufficient to direct persons of skill through in vitro 
amplification methods, including the polymerase diain rocticm (PGR) the ligase chain 
reactimi (LCR), Q/3-zcpIicase amplification and other RNA pcdymeiase tnerfiflf fni 
teduiiques are found in Betger, Sambrook, and Ausubd, as wdl as Mullis et al., (1987) 
U.S. Patent No. 4,683,202; PCR Protocob A Guide to MeOiods and Applications (Ihnis 
et al. eds) Academic Press Inc. San Diego, CA (1990) (Innis); Aznhdm & Levinson 
(October 1, 1990) CifeEy 3647; The Journal CfNIH Research (1991) 3, 81-94; (Kwoh 
et al. (1989) Proc. Natl Acad. Sci. USA 86, 1173; GuateUi et al. (1990) Proc. Natl . 
Acad. Sci. USA 87, 1874; LomeU et al. (1989) /. Cttn. Oiem 35, 1826; Landegien et 
al. , (1988) Saence 241, 1077-1080; Van Brunt (1990) Biotechnology 8, 291-294; Wu 
and Wallace, (1989) Gene 4, 560; and Bairinger et al. (1990) Gene 89, 117. Improved 
methods of cloning in vitro amplified nuddc acids are H^fr nV d in Wallace et al,, U.S. 
Pat. No. 5,426,039. 

Once die nucleic add for a C6 antibody is isolated and doned, one may 
express the gene in a varied of lecombinantly engineered cdls known to those of skill in 
tiie art. Examples of sudi cdls indude bacteria, yeast, filamentous fiingi, insect 
(espedally enqiloyiiig baculoviral vectors), and mammalian cdls. It is expected Aat 
those of skill in tiie art are knowledgeable in tiie numerous expression ^stems available 
for expression of C6 antibodies. 

In brief summary, the expression of natural or syntiietic nuddc adds 
enoodiQg C6 antibodies will typically be adiieved by opeiably linking a nucldc acid 
encoding die antibody to a promoter (^ch is dther constitutive or indudble), and 
incorporating die construa into an expression vector. The vectors can be suitable for 
rq)lication and integration in prokaiyotes, eukaiyotes, or both. Typical cloning vectors 
contain transcription and translation terminators, initiation sequences, and promoters 
usefiil for regulation of the ^pression of the nuddc add oicodiiig the C6 antibody. Tlie 
vectors optionally comprise genetic ejqnession cassettes containing at least one 
indqiendent terminator sequence, sequences permitting sqdication of the cassette in both 
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eukaryotes and prokaryotes, Le., shuttle vectors, and selection markers for both 
prokaryotic and eukaiyotic systems. See Sambrook. 

To obtain high levels of expremoa of a dcmed nucleic add it is common 
to construct expression plasmids which ^ically contain a strong promoter to direct 
transcription^ a ribosome binding site for txanslaticmal initiation, and a 
tmisaiption/translation terminator. Examples of regulatory regions suitable for this 
purpose in E. coU are the promoter and qpetator region of die JEL coU tryptophan 
biosyndietic pathway as described by Yanofsky, 1984, Boi^rioL, 158:1018-1024 
and the Idftward promoter of phage lambda CP J as descriM 
1980, Am. Rev. Cenei., 14:399-445. Hie inclusion of selection markers in DNA 
vectors transformed in E. coU is also useful. Examples of such markers include genes 
specifying resistance to ampicillin, tetracycline, or chloramphraicol. See Sambxook for 
details concerning selection markers, e.g., for use in E. cott. 

Ei^ression systems for e?q>ressing C6 antibodies are available using E. 
colU Bacillus sp. (Palva et al. (19^3) Gene 22:229-235; Mosbach er a/. , Nature, 
302:543-545 and Salmonella. E. coli systems are preferred. 

The C6 antibodies produced by prokaryotic cells may require e3qx)sure to 
chaotropic agents for proper folding. During purification ftom, e.g., JEl cofi, the 
expressed protein is optionally denatured and then renatured. This is accomplished, e.g., 
by solubilizing the bacterially produced antibodies in a diaotropic agent sudi as 
guanidine HCl. The antibody is then renatured, either by slow dialysis or by gel 
filtration. See, U.S. Patent No. 4,511,503. 

Methods of transfecting and npiessing genes in mammalian cells are 
known in the art. Transducing cdls with nuddc adds can inv<dve, for example, 
incubating viral vectors containing C6 nuddc adds witii cdls witiiin the host range of 
die vector. See, e.g.. Methods in Enzymology, vol. 185, Academic Press, Inc., San 
Di^o, CA p. V. Goeddd, ed.) (1990) or M. Krieger, Gene Tranrfer and Expression - 
A Laboratory Mamud, Stockton Press, New York, NY, (1990) and tiie references dted 
therein. 

The culture of cdls used in the present invwition, induding cdl lines and 
cultured cdls £rom tissue or blood samples is well known in die art. Fieshney {Culture 
of Animal Cells, a Manual of Basic Technique, third edition Wiley-Liss, New York 
(1994)) and the referraces dted therein provides a general guide to the culture of cdls. 
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Techniques for using and manipulating antibodies are found in Coligan 
(1^1) Current Protocols in Invmtnology Wiley/Greene, NY; Harlow and Lane (1989) 
Antibodies: A Laboratory Manual Cold Spring Haibor I^ess, NY; Stites et al. (eds.) 
Boric and CSinical Immunology (4th ed.) Lange Medical Publicaticnis, Los Altos» CA, 
and references cited therein; Coding (1986) Monoclonal Antibodies: Princ^Ies and 
Practice (2d ed.) Academic Press, New Yock, NY; and Kohler and Milstein (1975) 
Nature 256: 495-497. C6 antibodies which are specific fm bind c^rbB-2 and 

have a of l/tM or better, with prefened onbodiments having a of 1 nM or better 
and most preened embodiments having a Kd of 0.1 nM or better. 

In a prefixed embodiment the C6 antibody gene (e.g. C6.5 sFv goie) is 
subckmed into 0» csqnession vector pUC119Sfi/NotHismyc, whidi is identical to die 
vector described by Griffiths et al., EMBO J., 13: 3245-3260 (1994), (except for the 
elimination of an XBal restriction site). This results in the addition of a hexa-histidine 
tag at the C-tenninal end of the sFv. A pHEN-1 vector DNA containing the C6.5 sFv 
15 DNA is prepared by alkaline lyns miniprep, digested with Ncol and NotI, land the sFv 
DNA purified on a 1.5% agarose gel. The C6 sFv DNA is ligated into 
pUC119Sfil/NotlHismyc digested with Ncol and Noll and the ligation mixture used to 
tnuisform dectrocompetoit E.coU HB215 1 . For oqnesaon, 200 ml of 2 x TY media 
containing 100 mg/ml ampicillin and 0.1% glucose is inoculated with E.coU HB2151 
20 haxfooiingtheC6geneinpXJC119Sfil/NotlHismyc. Hie culture is grown at 37*C to an 
A600 nm of 0.8. Soluble sPv is eaqnession induced by the addition of IFTG to a final 
concentration of 1 mM, and the cdture is grown at 30* C in a shaker flask overnight. 

The C6 sFv may then be harvested from the petq>lasm uang tiie foUowinig 
protocol: Cells are harvested by centrifiigation at 4000 g for 15 min, xesuapended in 10 
25 ml of ice ccdd 30 mM Tris-HQ pH 8.0, 1 mM EDTA. 20% sucrose, and incubated on 
ice for 20 minutes. The bacteria are tbai pdleted by oenttifugaticm at 6000 g for 15 
min. and tiie "peti^ilasmic fraction" deared by centrifiigation at 3O,O0Qg for 20 min. 
The supernatant is thai dialyzed ovonight at 4*'C against 8 L of IMAC loading buffer 
(50 mM sodium phosphate pH 7.5, 500 mM NaQ, 20 mM imidazole) and then filtered 
30 through a 0.2 micron filter. 

In a prefened onbodiment, the C6 sFv is purified by IMAC. All steps 
are performed at 4*C. A column containing 2 ml of Ni-NTA resin (CJiagoi) is washed 
with 20 ml IMAC column wash buffer (50 mM sodium phosphate pH 7.5, 500 mM 
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Naa, 250 mM imidazole) and 20 ml of IMAC loading buffer. The periplasmic 
prepaxation is then loaded onto the column and the column washed sequoitially with SO 
ml IMAC loading buffer and 50 ml IMAC washing buffer (50 mM sodium phosphate pH 
7.5, 500 mM NaQ, 25 mM imidazole). Protein was duted with 25 ml IMAC diution 

5 buffer (50 mM sodium phosphate pH 7.5, 500 mM NaCl» 100 mM imidazole) and 4 ml 
fractions collected. The C6 antibody may be detected by absorbance at 280 nm and sFv 
fraction eluted. To remove dimecic ami aggregated sFv» samples can be concentrated to a 
volume < 1 ml in a Coatricon 10 (Amicon) and fractionated on a Superdex 75 ocdumn 
using a running buffer of BBS (10 mM Hqpes, 150 mM NaQ, pH 7.4). 

10 The purity of the final preparation may be evaluated by assaying an aliquot 

bySDS*PAGE. The protein bands can bie detected by Coomassie staining. The 
concmtratton can flien be determined spectrophotometrically, ass um i n g that an Asso nm 
of 1.0 corresponds to ah sFv concentration of 0.7 mg/ml . 

15 n. ModiTication of C6 Antibodies. 

PLsnlav of antibodv frugmi^nte on the mrface of bacteriophage f phage 

Display of antibody fragments on the surface of viruses which infect 
bacteria (bacteriophage or phage) makes it possible to produce human sFvs with a wide 

20 range of affinities and Idnetic characteristics. To display antibody fragments on the 
surface of pliage (phage display), an antibody fragmmt gene is inserted into the gene 
encoding a phage surface protein (pm) and the antibody fragm«it-pin fusion protein is 
npressed on the phage surface (McCaSeity et al. (1990) Nature, 348: 552-554; 
Hoogenboom et al. (1991) NucJeic Adds Bes., 19: 4133-4137). For example, a sFv 

25 gene coding for the Vh and Vl domains of an anti*lysozyme antibody 03L^^ 

into the phage gene m resulting in the production of phage widi the DL3 sFv joined to 
the N-terminus of pUI thereby produdng a "fusion" phage capable of binding lysozyme 
(McCafferty er al. (1990) Naaae, 348: 552-554). 

Since the antibody fragments on the surface of die phage are functional, 

30 phage bearing antigen binding antibody fragments can be separated firom non-binding or 
Iowa affinity phage by antigm affinity chromatography (McCafferty er al. (1990) 
Nature, 348: 552-554). Mixtures of phage are allowed to bmd to the affinity matrix, 
non-binding or lower affinity phage ate removed by washing, and bound phage are eluted 
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by treatment with add or alkali. Depending on the affinity of the antibody fiagment, 
enrichment factors of 20 fold-1, 000,000 fold are obtained by single xound of affinity 
selection. By infecting bacteria with the duted phage, however, more phage can be 
grown and subjected to another round of selection. In this way, an enrichment of 1000 
fold in one round becomes .1,000,000 fWd in two rounds of selection (Mcf:a^rty et al. 
(1990) Nature, 348: 552-554). Thus, even when enrichments in each round are low 
(Maries et oL (1991) /. Mol Biol. 222: 581-597), mult^le rounds of affinity selection 
leads to tiie isolation of nre phage and die genetic material contained within viiiich 
encodes the sequence of the binding antibody. The physical link between genotype and 
pheno^ provided by phage display makes it possible to test every member of an 
antibody feagment library for binding to antigen, even with libraries as large as 
100,000,000 ckmes. For example, after multiple rounds of selection on antigen, a 
binding sFv that occurred with a frequency of only 1/30,000,000 ckmes was recovered 
(Marks et al. (1991) 7. Mol Biol, 222: 581-597). 

Analysis of binding is simplified by including an amber codon between the 
antibody fragment gene and gene in. This makes it possible to easily switch between 
displayed and soluble antibody fiagments simply by changing the host bacterial strain. 
When phage are grown in a supE suppressor strain of E. coU, the amber stop codon 
between the antibody gene and gene m is read as glutamine and the antibody fragment is 
displayed on the sur&oe of the phage. When elutsd phage are used to infect a 
non-stiprBSSor strain, the amber codon is read as a stop oodon and soluble antibody is 
secreted £tom the bacteria into the periplasm and culture media (Hoogenboom et al 
(1991) Nudeic Adds Bes„ 19: 4133-4137). Binding of soluble sFv to antigen can be 
<letected, e.g., by EUSA using a murine IgG monodonal antibody («.g., 9EIO) which 
recognizes a C-terminal myc pq)tide tag on the sFv (Evan era/. (1985) Mol. CeU Biol, 
5: 3610-3616; Munro et al (1986) COl, 46: 291-300), e.g., followed by incubation wifli 
pcdydonal anti-mouse Fc conjugated to horseradish peroxidase. 

B) Phage dlsDlav can be to increase an tibody affinitv. 

To create higher affinity antibodies, mutant sFv goie rqiotories, based on 
the sequence of a binding sFv, are created and expressed on the sur&ce of phage. 
Higher affinity sFvs are selected on antigen as described above and in Examples 1 and 2. 
One q>proach for creating mutant sFv gene repertoires has been to rq)laoe either the Vg 
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or Vl gene from a binding sFv with a rep^toiie of nonimmune Vh or genes (chain 
shuffling) (Clackson et aJ. (1991) Nature, 352: 624*628). Such gene repertoires contain 
num^us variable genes dmved from the same germline gene as the binding sFv, but 
with point mutations (Marks ei al. (1992) Bio/Tedmology, 10: 779-783). Using light 
S diain shuffling and phage display, the binding avidities of a human sFv antibody 

ftagment can be dramatiaclly increased. See, e.g., Marks et al. Bio/TedmoJogy, 10: 
779-785 (1992) in which the affinity of a human sFv antibody fragment whidi bound die 
hapten phenyloxazolone (phox) was increased from 300 nM to 15 nM (20 f<dd) (Marks et 
al. (1992} Bio/Technology, 10: 779-783). 

10 

O Isolation and characterization of C6.S. a hirnian sFV which binAg 

Isolation and characterizatioh of C6.S is described in detail in the 
Examples below. Human sFvs which bound to c-erbB-2 were isolated by selecting the 

15 nonimmune human sFv phage antibody library (described in Example 1) on c-erbB-2 

extracellular domain pq>tide immobilized on polystyrene. Aha five rounds of sdection, 
45 of 96 clones analyzed (45/96) produced sFv which bound c-at>-B2 by ELISA. 
Restriction fragments analysis and DNA sequencing revealed the presoice of two unique 
human sFvs, C4 and C6.5. Both of these sFvs bound only to c-erfoB-2 and not to a 

20 panel of 10 irrdevant antigms. Cdl binding assays, however, indicated tibat only C6.5 
bound c-ei!b-B2 eqxressed on cells, and thus this sFv was selected far further 
charactCTization. 

P) fttrifycatiopof C<,5» 

25 To facilitate purification, the C6.5 sFv gene was subdoned into the 

expression vector pUC119 Sfi<NotmycHIS which results in the addition of the myc 
peptide tag followed by a hexahistidine tag at the C-tenninal end of tiie sFv. The vector 
also encodes the pedate lyase leader sequmce which directs ^pression of the sFv into 
the bacterial periplasm where the leader sequmce is cleaved. This makes it possible to 

30 harvest native properly folded sFv directiy from the bacterial periplasm. Native C6.5 
sFv was expressed and purified from the bactmal suponatant using immobilized metal 
affinity chromatography. The yield after purification and gel filtration on a Superdex 75 
column was 10.5 mg/L. Other C6 antibodies may be purified in a similar manner. 



BNSDOCID: <WO 970Q271A1J_> 



wo 97/00271 PCT/US96/10287 

19 

E) Measurement of C6.5 afTinitv for 

As ei^lained above, selection for increased avidity involves measuring the 
affinity of a C6 antibody (e.^, a modified C6.5) for c-erbB-2. Methods of making such 
measurements are described in detail in Examples 1 and 2. Briefly, for example, the 
5 of C6.5 and the kinetics of binding to c-erbB-2 were detmnined in a BIAcore, a 

biosensor based on surface plasmon resonance. For this technique, antigen is coupled to 
a derivatized sensor chip cqiable of detecting changes iri mass. When antibody is passed 
ova the sensor ch^, antibody binds to the antigen resulting in an increase in mass which 
is quantifiable. Measurement of the rate of association as a function of antibody 

10 concentratioii can be used to calculate the assodstfion nue constant (k^ After the 

association phase, buffer is passed over the chip and fbe rate of dissodation of antibody 
0^ determined. Rate constant k« is typically measured in the range 1.0 x 10^ to S.O x 
lO' and 14fr in the range 1.0 x lO"* to 1.0 x 10^. The equilibrium constant is often 
ca lc n l atftri as KafK^ and thus is typically measured in die range la^ to 10-". Affinities 

IS measured in this manner correlate well with affinities measured in solution by 
fluorescence quench titration. 

F) AITmitv of C6.S for c-i^rhlUl, 

The kinetics of binding and affinity of purified C6.5 were determined by 
20 BIAcore and the results are shown in Table 2. The of 1.6 x 10* M determined by 
BIAcore is in close agreement to the determined by Scatchard analysis after 
radioiodination (2.0 x 10* M). C6.5 has a n^id kig., and a relatively rapid k^. The 
rapid k^ correlates with the in vUro measuremoit that only 22% of an injected dose is 
retained on the surface of SK-OV-3 celk after 30 minutes. Biodistribution of C6.S was 
25 determined and the percmt injected dose/gm tumor at 24 hours was 1.1% with 

tumor/organ ratios of 5.6 for kidney and 103 for bone. These values compare fovorably 
to values obtained for 741F8 sFv. 741F8 is a monoclonal antibody capable of binding c- 
cibB-2 (see, eg., U.S. Patent 5,169,774). The Ki of 741F8 was also measured by 
BIAcore and agreed with the value determined by scatdiard analyms (Table 1). 
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Table 1 Characterization of aiiti-ceibR-2 sFV species. Chaiacteristics of the murine 
anti<-€ibB-2 tfv, 741F8, and the human sFv C6.5 are compax^ The affinity and 
dissociation constants were detennined by Scatchard plot analysis, unless otherwise 
stated. Dissociation from c-eibB-2 positive (SK-OV-3) cdls was measured in an in vitro 
live cell assay. The p«centage of injected dose per gram (%ID/g) tumor and tumor to 
organ ratios were detennined in biodistribution studies performed in sqerae gtoaps of 
sdd mice (n=» 10-14) bearing SK-OV-3 tumors overexpressing c-«bB-2. SEM are 
<35% of the associat(!d vahies. a = significantly impxan/ed (p<0.05) compared to 



10 741F8 sFv. 





Parameter 


741F8 


C6.5 




K« (BIAcoxe) 


2.6x10* M 


1.6x10^ M 




Kj (Scatdiard) 


5.4x10*111 


2.1x10* M 


15 


(BIAoare) 


2.4x10* M-»s > 


4.0x10* M » 




k«ir (BIAcoie) 


6.4xia»s-» 


6.3xia' s-» 




% associated with cdl surfiace at 
15 min 


32.7% 


60.6% 




% associated with cell surface at 

min 

ill 11* 


8.6% 


22.2% 




%ID/g Tumor 


0.8 


1.0 




TrBlood 


14.7 


22.9 




T:Kidn^ 


2.8 


S.6a 




TJJw 


14.2 


22.3 


25 


T:Sideen 


10.3 


34.1 




T:Intestine 


25.0 


29.7 




T:Lung 


9.4 


15.8 




T'.Stomadi 


8.9 


11.1 




T:Muscle 


78.8 


158.7 


30 


TUtone 


30.0 


102.7 



These results show tibat a human sFv whidi binds spediically to c«-erbB-2 
wiA moderate affinity was bem produced. The sFv expresses at high level in £. coH as 
native sFv, and can be easily puiified in high yield in two stq>s. Techniques are known 
35 for the rapid and effidently purification of sFv from the bact^^ 
measure affiniQr without tfie need for labeling. 
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G> Estimating the affinity of unpurified sFv for c-«<>R-2- 

Phage display and selection gmeially results in the selection of higher 
affinity mutant sFvs (Marks et al. (1992) Bio/Technology, 10: 779-783; Hawkins et al. 

(1992) J. Mol. Biol 226: 889-896; Riechmann et al. (1993) Biochemistry. 32: 8848- 

5 88SS; Clackson et al. (1991) Nature, 352: 624-628), but probably does not result in the 
separation of mutants with less than a 6 fold difference in affinity (Riechmann et al. 

(1993) Biochemistry, 32: 8848-8855). Thus a tap&d method is needed to estimate the 
relative affinities of mutant sPvs isolated after selection. Since increased affinity results 
primarily from a reduction in the Xir, measurement of should identify higher afifinity 

10 sFv. k^ can be measured in die BLboore on unpurified sFV in bacterial periplasm, ^oe 
expression levels are high mough to give an adequate binding signal and is 
independent of concentration. . The value of for periplasmic and purified sFv is in 
dose agreement (Table 2). 

15 Table 2. Comparison of determined on sFv in bacterial periplasm and after 
purification by IMAC and gel filtratipn. 



sFV 




C6-S peiqilasm 


5.7 X 10* 


C6-S purified 


6.3 X 10* 


C6-Sala3 periplasm 


9.3 X 10^ 


C6-Sala3 purified 


1.5 X ia» 


C6-Salal0 periplasm 


3.7 X 10* 


C6-SalalO piuiiled 


4.1 X 10* 



Ranking of sFv by and hence relative affinity, can be determined 
witiiout purification. Determination of relative affinity witiiout purification significandy 
increases the rate at which mutant sFv are cfaaractoized, and reduces the number of . 
mutant sFv subcloned and purified which do not show improved binding characteristics 
30 over C6.5 (see results of light chain shuffling and randomiiation below). 

H) Increasing the affinity of C6^ hv rhiiln Atiffliiig 

To alter the affinity of C6.5, a mutant sFv gene rqx^rtoire was created 
containing the VH gene of C6.5 and a human VL gene repotoire (light chain shuffling). 
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The sFv gene rq)ertoire was cloned into the phage display vector pHEN-1 (Hoogenboom 
et al. (1991) Nucleic Acids Res. , 19: 4133-4137) and after transformation a library of 2 x 
lO' transformants was obtained. Phage w^ prq»red and conc»txaled as described in 
Exanqile 1 or 2. 

5 Selections were p^onned by incubating the phage with biotinylated 

c-erbB-2 in solution. The antigen concentraticm was decreased each round, reaching a 
concentration less than the desuDod K4 by the final rounds of selection. This results in ibc 
selection of phage on the basis of affiniQr (Hawkins et dl. (1992) 7. Mol Biol 226: 
889-896). After four rounds of selection, 62/90 dones analyzed produced sFv which 

10 bound c-eibB-2 by EUSA. Single diain Fv was expressed from 48 ELISA positive 

clones Q4 from the 3rd round of sdection and 24 from the 4th round of sdection), the 
periplasm harvested, and tiie sPv determined by BIAcore. Sm^e!-chain Fvs were 
identified with a Ka three times slower than C6.S. The light chain gene of 10 of these 
sPvs was sequenced. One unique light chain was identified, C6L1. This sFv was 

IS subcloned into the h«ahistidine vector, and expressed sFv purified by IMAC and gd 
filtration. Affinity was determined by BIAcore (Table 3). 

Table 3. Affinity and kinetics of binding of C6.S light and heavy chain shuffled mutant 
sFv. 



sFv done 




k. (M-» s-») 


k-r(s') 


C6.5 


1.6 X 10^ 


4.0x10* 


6.3 X la' 


C6L1 Gight chain shuffle) 


2.6 X 10* 


7.8 X 10* 


2.0 X la' 


C6VHB-4 O^eavy diain shufOe) 


4.8 X 10-» 


1.25 X 10* 


6.0 X 10^* 


C6VHC (heavy chain ^tifOe) 


3.1 X 10* 


8.4 X 10* 


2.6 X 10^ 



For heavy chain shuffling, the C6.S VH CDR3 and light chain were 
cloned into a vector containing a human VH gene rq)ertcrire to create a phage antibody 
library of 1 x 10^ transformants. Selections were performed on biotinylated c*eibB-2 and 
30 after four rounds of selection, 82/90 clones analyzed produced sFv which bound c-erbB-2 
by EUSA- sFv was ^pressed from 24 EOSA positive clones (24 from the 3Fd round of 
selection and 24 firom the 4th round of selection), the periplasm harvested, and the sFv 
1^ determined by BIAcore. Two dones were identified which had slower than C6.S 
(C6VHB-4 and C6VHC-4). Both of tiiese were subcloned, purified, and affinities 
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determined by BlAcore (Table 3). The affinity of C6.S was increased 5 fold by heavy 
diain shuffling and 6 fold by light chain shuffliAg. 

D Increasing the affinitv nf CJL^ Ky ifjmlfll ipntammi^ «f t^ift ♦fiirrf 
CDR of the Hyht «.hain 

The majority of antigen contacting amino acid ^de diains are located in 
tfie co n yle m e n tariQr detennining xi^gions (CDRs), tiuee in the Vg (CDS1» Ca>R2, and 
CDR3) and three in the (CDRl, CDR2, and CDR3) (Chotfaia er aL (1987) 7. MoL 
moL,196: 901-917; Chotfaia et al. (1986) Sdence, 233: 7SS-8; Nhan et aL (1991) J. 
MoL BioL, 217: 133-151). lliese residues contribute the majority of binding energetics 
responsible for antibody affinity for antigen. In other molecules, mutating amino adds 
which ccmtact ligand has been shown to be an effective means of increasing the affinity 
of one protein molecule for its binding partner (Lowman et al. (1993) J. MoL Biol, 234: 
564-578; Weils (1990) Biochemistry. 29: 8509-8516). Thus mutation (randomization) of 
15 the CDRs and screwing against c-eibB-2 may be used to generate C6 antibodies having 
improved binding affinity. 

For example, to increase tite affinity of C6.5 for c-erfoB-2, nine amino 
acid residues located in VL CDR3 (residues 89-9Sb, numbering according to Kabat et al. 
(1987) st^a. ; Table 2). were partially randomized by syntiiesizing a ^doped' 

20 oligonucleotide in which the wild type nucleotide occurred with a fiequency of 49%. 

The oligonudeotide was used to amplify the remainder of tiie C6.5 aFv gene using PGR. 
The xesultiiig sFv gene xcperttnre was doned into pCANTABSE (Pharmacia) to create a 
phage antibody library of 1 x 10'' tiansformants. The mutant phage antibody library was 
designated C6VLCDR3. 

25 Selection of tiie C6.5 mutant VL CDR3 library (C6VLCDR3) was 

performed on biotinylated c-etbB-2 as described above for light chain shuffling. After 
time rounds of selection 82/92 clones analyzed produced sFv which bound c-erbB-2 by 
EUSA and after 4 rounds of selection, 92/92 clones analyzed produced sFv whid» bound 
o^B-2. Single-diain Fv was expressed from 24 FT ISA positive dones from the 3rd 

30 and 4th rounds of sdection, the periplasm harvested, and the determined by BlAcore. 
Hie best dones had a k,(r approximatdy 5 to 10 times slower tiian tiiat of C6.5. The 
light chain genes of 12 sFvs with tiie slowest times from tiie 3rd and fourUi round of 
sdection were sequenced and each unique sFv subdoned into pUC119 Sfi-NotmycHis. 
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Single-chain Fv was e3q>iessed, purified by IMAC and gel filtration, and sFv affinity and 
binding Idnedcs determined by BlAcoie (Table 4). Mutant sFv were idoitified with 16 
fold increased affinity for c-eibB-2. 

Table 4. Amino add sequence, affinity, and binding kinetics of sFv isolated from a 
library of C6.S mutants. Table identified mutants isolated after the third and fourth 
rounds of selection. Hie entire VL C3>R3 of C6.S is shown with the residues subjected 
to mutagenesis (89*95b) underlined. Kate constants k;. and were measured on 



purified and gd filtered sFv by SPR in a BIAcore and the Kd calculated. A hyphen 
indicates that there is no change from the C6.S CDR3 sequmce at that position. 



sFy clone 


Vj, CDR3 
8ec[uence 


(M) 






C6.5 


8 9 9 

9 Sab 7 

AAWDDSLSGWV 


1.6 X 10~® 


4.0 X 10^ 


6.3 X 10"^ 


3ra Round of select ioa: 


C6HL3-5 




3.2 X 10"® 


5.9 X 10^ 


1.9 X 10"^ 


C6KL3-2 




2.8 X 10"® 


7.1 X 10* 


2.0 X 10"^ 


C6MI.3-6 




3.2 X 10"® 


5.9 X 10* 


1.9 X 10"3 


C6ML3>1 




6.7 X 10'® 


3.0 X 10* 


2.0 X 10~3 


C6ML3-3 


-T — YA 


4.3 X 10"® 


4.6 X 10* 


2.0 X 10"3 


C61IL3-7 


YAV 


2.6 X 10"® 


6.5 X 10* 


1.7 X 10"3 


C6HL3-4 


-S-EY — 


3.5 X 10"® 


4.0 X 10* 


1.4 X 10~3 


4Ui seuad e 


*t seleetion: 


C6HL3-12 


Y-R 


1.6 X 10"® 


•4.5 X 10* 


7.2 X 10~* 


C6ML3-9 


-S — YT 


1.0 X 10"® 


6.1 X 10* 


9.2 X 10"* 


C6HL3-10 


E-PWY 


2.3 X 10~® 


6.1 X 10* 


1.4 X 10"3 


C6HL3-11 


YA-W 


3.6 X 10"® 


6.1 X 10* 


2.2 X 10"3 


C6KL3-13 


AT-W 


2.4 X 10"® 


8.7 X 10* 


2.1 X 10"3 


C6ML3-8 


HLRW 


2.6 X 10"® 


6.5 X 10* 


1.7 X 10~3 


C6HL3-23 


-S — H — W 


1.5 X 10"® 


6.7 X 10* 


1.7 X 10'3 


C61IL3-19 


-S — RP-W 


1.5 X 10"® 


6.7 X 10* 


1.0 X 10"3 


C6ML3-29 


-6T-H 


2.7 X 10"® 


12.9 X 10* 


2.2 X 10"^ 


C6ML3-15 


— —RP-W 


2.2 X 10"® 


5.9 X 10* 


1.3 X 10"3 


C6HL3-14 


P-W 


1.0 X 10~® 


7.7 X 10* 


7.7 X 10"* 
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Partial randomization of a single CDR (Vj, CDR3) resulted in the creation 
of mutant sFys with 16 fold higher affinity for c-ert>B-2. indicating that CDR 
randomization is an effective means of creating higher affinity sFv. ITie results also 
show that the mediod of selecting and identifying higher affinity sPv by reducing soluble 
antigen concentration during selections and scxeening periplasms by BIAcore prior to 
sequencing, subckming and purification provides an effective way to isolate high affinity 
antibodies. 



J> Creation of C6.S fsFV*), and feFV^, hnmnJimffiTip nntf ^ erf t^n t^m^^t y nnif 
10 bhidini' Mm^ts far curhit-'g. 

To create C6 (sFV*), antibodies, two C6 sFvs are joined through a 
disulfide bond, or linker («.g., a carbon linker) between the two cysteines. To create C6 
(sFv)2, two C6 sPv are joined ditecfly through a pq>tide bond or through a peptide 

linker. Tlius, for example, to create disulfide linked C6.5 sFv*. a cysteine residue was 
15 introduced by site directed mutageneas between the myc tag and hexahistidine tag at the 
cazboxy-terminus of C6.5. Introduction of the correct sequence was verified by DNA 
sequencing. ITie construct is in pUC119, the pelB leader directs ejqjiessed sFv* to the 
periplasm and cloning sites (Ncol-and Notl) exist to introduce C6.5 mutant sPv'. Hiis 
vector is caUed pUC119/C6.5 mycCysHis. Expressed sFv' has the myc tag at the 
20 C-terminus. followed by 2 glycines, a cysteine, and then 6 histidines to foclUtale 
purification by IMAC. After disulfide bond formation between the two cysteine 
residues, the two sFv* are separated fiom each other by 26 amino adds (two 11 amino 
acid myc tags and 4 glycines). An sFv» was expressed fiom this construct, purified by 
IMAC, and analyzed by gd filtration. The majority of the sPv* was monomeric. To 
25 produce (sFy% dimers, the cystine was reduced by incubation with 1 MM 

beta-mercaptoethanol, and half of the sFv* blocked by die addition of DTNB. Blocked 
and unblocked sFv's were incubated together to form (sPv'), and the resulting material 
analyzed by gd filtration. 50« of the monomer was converted to (sFv»), homodimer as 
determined by gel filtration and nonredudng polyaciylamide gel electrophoresis. Hie 
affinity of the C6.5 sFv* monomer and (sFv»)2 dimer were determined by BIAcore 

CTableS). Hie apparent affinity (avidity) of C6.5 increases 40 fold when converted to 
an (sFv')2 homodimer. 



30 
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T^le 5. Affinities and binding kinetics of C6.S sFv and C6.S j&Py'h 



Clone 




Km (M-V») 


><r(s-*) 


C6.S mmoiner 


1.6 X 10* 


4.0 X 10» 


6.3 X 10* 


C6.S diner 


4.0 X 10-" 


6.7 X 10» 


2.7 X 10^ 



The C6.5 (sFv')2 «hibits a significant avidity effect compared to the sFv. 
Thtts» this 2^ioadi increases antibody fragment affinity, while remaining below the 

10 xenal threshold for eiccretion. 

In a particularly preferred embodim^it, the (sFv)2 dimcr is expressed as a 
diabody (Hblliger er ^. (1993) Pmc. Natl Acad. ScL USA, 90: 6444-6448; and WO 
94/13804). This yields a bivalent molecule assisting of two C6.S sFv polypeptide 
chains, since the VH and VL on the same pq»tide diain cannot pair. The production of 

15 a iMptide linked C6.5 diabody is described in Example below. In this example, the 
pepticte linker sequence between the VH and VL domains was shortened from 15 amino 
adds to 5 amino adds. Synthetic oligonucleotides encoding the 5 amino add linker 
(G4S) were used to PGR amplify the C6.5 Vh and V^ genes whidi were then spliced 
togetiier to create the C6.5 diabody gene. The gene was then doned into an appropriate 

20 vector, ^qiressed, and purified according to standard methods wdl known to those of 
skill in the art. In another preened raibodiment, the (sFv)2 dimer is produced usmg a 
longer pq>tide liner that permits the Vh and VI to pair, yidding a smgle polypeptide 
chain with two C6 binding sites. 



25 m Effect of sFv affinity on in vitm cell hindinfr and in vivo biodistribution. 

As described in the preceding section, chain-shuffled and point-mutation 
variants of C6.5 have been prepared witii ranging from 1.0 x 10-* M to 1.0 x 10-* M. 
The mutant sPv have been used to diamine the effects of binding affinity and kinetics on 
in yinv cell binding and on in vivo biodistribution. Cell surfiace retention assays 

30 demonstrate that higher afiBnity sFv are retained to a much greater extent than lower 

affinity sFv. For sFv of SQiproximately the same affinity, sFv with slower are better 
retained on the cdl sur£ace. In competitive binding assays, all of the molecules compete 



BNSDOCID: <WO ^9700271A1J_> 



wo 97/00271 PCTAJS96/10287 

27 

in a dose dependent fiishion with biotinylattid C6.S for C'«cfoB-2 on the suifiice of SK- 
BR-3 cells. 

Twmty four hour biodistribution studies were performed in sdd 
micebcaring s.c. SK-OV'-3 tumors to examine the role of affinity in the spedfidty and 
5 degree of tumonetration. These assays employed *"l-labeled forms of C6.5, C6G98A, 
C6ML3-9 and a native control sFv at a dose of 25 mg. The c-eibB-2-specific sFV 
wete selected to provide the following stq»wise increase in affinity; C6G98A (3.2 x 
10*^, C6.S (1.6 X 10*) and C6ML3-9 (1.0 x 10^. The biodistribution studies revealed a 
dose coRdation between the affinity and die %ID/g of the zadioiodinaled sFv idained in 

10 tumor. The greatest degree of tumor retention was observed widi ''^-CfiMLS-P (1.42 ± 
0.23 %ID/g). Significanlly less tumor retention was achieved with *^-C6.S (0.80 ± 
0.07 %ID/g) (psO.0306). Finally, the tumor retention of the lowest affinity clone 
C6G98A (0.19 ± 0.04 %ID/g) was significanUy less than that of C6.5 (p=0.00001) and 
was idoitical to that of die negative control '^1-26-10. The T:0 ratios also reflected the 

15 greater retention of high»-affinity species in tumor. For example, tumonblood ratios of 
17.2, 13.3, 3.5 and 2.6, and tumor to Uver ratios of 26.2, 19.8, 4.0 and 3.1 were 
observed for C6ML3-9, C6.5, C6G98A and 26-10, respectively. 

These results demonstrate that sdective tumor retention of sFv molecules 
corrdates with thdr affinity properties. With further increases in affinity, ?i<'«^^al 

20 inqnovements in tumor retention are observed. 

L) Approach to produce htohgr nffinitv hirninn «fY, 

As described above and in Examples 1 and 2, a C6 antibody (e.g. C6.5 
sFv), which binds apedfically to c-eibB-2, is ejqnressed at high level in E. coJi as native 

25 protein, and can be sinply purified in high yidd. Optimized techniques for creating 
large C6.5 mutant jrtia^ antibody libiaxies and devdoped trrhnigtiw for cffidentiy 
selecting higher affinity mutants from tiiese libraxies are provided. These f*yhniquM 
were used to increase C6.5 affinity 16 fold, to 1.0 x 10* M, by randomizing Vj. CDR3, 
and 5 and 6 fold by heavy and light diain shuffling respectivdy. 

30 To fortha increase affinity, mutant C6.5 phage antibody libraiies can be 

created where die oflier CDRs are randomized (Vl CDRl and CX>R2 and Vh CDRl, 
CDR2 and CDR3). Each CDR is randomized in a sepaxaie library, using, for example, 
C6ML3-9 as a template (K^ = 1.0 x 10^ M). In a preferred embodiment, CDRs can be 
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sequentially landomized, using the highest affinity sFv as the template for the next round 
of mutagenesis. This approach would be piefened when mutating CDRs that pack on 
each other, for example VL and VH CDR3. In another embodimait, CDRs could be 
mutated in parallel, and mutations combined to achieve an additive effect on affinity. 

5 This sqpproach has been used to increase the affinity of human growth hormone (hGH) 
for the growth hormone receptor over 1500 fold from 3.4 x 10*^^ to 9.0 x M 
(Lawman er a/. (1993) J. Mol Biol., 234: 564-578. 

Vh CDK3 occupies Hbc center of ^ binding pocket, and dius mutations in 
this region are likely to result in an increase in affinity (Clackscm et al. (1995) Science, 

10 267: 383-386). In one embodiment, four Vh CDR3 residues at a time are randomized 
uaiig tiie nucleotides NNS. To create the library, an oligonucleotide is syntheazed 
whidb anneals to the C6.5 Vh Aameworic 3 and encodes Vh CDR3 and a portion of 
framework 4. At the four positions to be randomized, the sequence NNS is used, where 
N = any of the 4 nudeoddes, and S » C or T. The oligonuc l eotide are used to anility 

15 the C6.5 Vh gene using PCR, creating a mutant C6.5 VH gene tepestoixc. PGR is used 
to splice the VH gene rqiertmce widi die C6ML3-9 light chain gene, and die resulting 
sFv gene repertoire cloned into the phage display vector pHEN-1. ligated vector DNA 
is used to transform electrocompetent E. coli to produce a phage antibody library of > 
1.0 X 10^ clones. 

20 To select higher affinity mutant sFv, each round of selection of the phage 

antibody libraries is conducted on decreasing amounts of biotinylated c-erbB-2, as 
described in the Examples. Typically, 96 clones from the third and fourth round of 
selection are screened for binding to c-^B-2 by EUSA on 96 well plates. Single-chain 
Fv firom twenty to forty EUSA positive clones are expcesssA in 10 ml cultures, the 

25 peiqdasm harvested, and the sPv k««r determined by BIAcore. Clones with the slowest 
kgir are sequenced, and eadi unique sFv subdoned into pUC119 SfiNotmycHis. Single 
diain Fv is exfnessed in IL cultures, and purified as described supra. Affinities of 
purified sFv are determined by BIAcore. Randomization of one four amino add segmoit 
of Vh CDRS produces a C6 mutant with a of 1.6 x lO"'^ M (see Exan^le 3). 

30 
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Mi In viiro cefl hindinp psmvs, in vivo phiiiiniif>oklnq(|ff ^nd biodistribution 
studies . 

Once higher affinity sFv's are identified^ pioduction is scaled up to 
provide a de q ua t e material for in vinv cell binding assays and in vivo pharmacoldnetic 
5 and biodistribution studies. Techniques for scaling up production are knowii. Briefly, in 
one embodimmt, sPv is expressed in £. coU cultures grown in 2 litff shaker flasks. 
Single-chain Fv is purified £rom the periplasm as described above and in Examples 1 and 
2. Kfotant sFv of higher affinity are tested using the cell retention assay described in 
Examples 1 and 2. Since flie ti^ of retention should be approximately two hours when 

10 kgff is less dian 10^, the assay is done at 30» 60» 120, 240 minutes and 18 hour 
incubaticms. Scatchard analyses may be pofomied on selected samples. 

Tliese studies show that affinities measmed in the BlAcore on immobilized 
antigen correspond to improved cell binding. The pharmacokinetic and biodistribution 
properties of sFv molecules with broadly different afSnity characteristics are screened 

IS using labeled sFv and scid mice bearing human SK-OV-3 tumors. This serves to identify 
molecules with in vivo pr op er ties that make them unsuitable for use as therapeutics 
une^>ected aggregation, or unaccq>table normal organ retention properties. 

Twmty four hour biodistribution results are convenient indicators of 
overall biodistribution properties. C6 antibodies, for example C6.5 mutants, with 

20 affinities between 1.6 x 10*^ M and 1.0 x 10-^^ KI, and which differ at least 3 to 4 fold in 
affinity, are screened. Mutants with similar but with diMmiiar ^ are also studied. 
A number of C6.5 soies affinity variants are tested and more extmsive biodistribution 
studies performed on molecules that differ significantty from C6.S or the nearest afSnity 
variant in 24 hour biodistribution diaracteristics. These data are used to generate 

25 tissue-spedfic AUG determinations, as well as tumonnormal organ AUG ratios and 
MIRD estimates. 

Sample molecules associated with favorable predicted human dosimetry 
(e.g., based upon the MIRD formulation) are assayed for their m livo tha^>eutic 
^ficacy in mice. 

30 An affinity of 1.0 x 10*" can be chosm as an mc^int in this preferred 

embodimmt because the associated (10^) results in a t|/3 for dissociation from tumor 
of greater than 20 hours. Higher affinity mdpoints can be selected and result in even 
longer retoition. The for dissociation of G6.S is approximately 3 minutes. This 
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invention provides optimized techniques for creating large C6.5 mutant phage antibody 
libraries and techniques for efficiently selecting higher affinity mutants firom these 
libraries. A number of C6.S mutants vAth affinities between 1.6 x 10^ M to 1.0 x 10*^^ 
M axe provided. Combining these mutations into the same sFv produces sFv mutants 
5 with between 1.6 X 10"*^ and 3.3 X 10"" M. 

W Prtspara tion of C6 (sVv\^Js¥v^^ Fab, and <Fabn. conmrntes and 

C6 antibodies such as C6.S sFv, or a variant with higher affinity, are 

10 suitable trmplatffff fcxr creating size and valency variants. For example, a C6.S isPy% is 
oteated firom the parent sPv as described above and in Examjde 1. An sFv* can be 
created by excising teh sFv gene, e.g., with Ncol and Nod from pHEN-1 or pUC119 
Sfi*NotmycHis and cloned into pUC119C6.5mycCysHis, cut with Nool and NoU. In one 
embodiment, npressed sFv* has a myc tag at the C-terminus, followed by 2 glycines, a 

IS cysteine, and 6 histidines to facilitate purification. Aft^ disulfide bond formation 

between the two cystdne residues, the two sFv should be separated from each other by 
26 amino adds (e.g., two 11 amino add myc tags and 4 glycines). SFv is expressed 
from this construct and purified. To produce (sFv')2 dimers, the cysteine is reduced by 
incubation with 1 Mm beta-mercaptoethanol, and half of the sFv blocked by the addition 

20 of DTNB. Blocked and unblocked sFv are incubated together to form (sFv*)2, which is 
purified. This approach was used to produce C6.S (sFv')2 dinm, which demonstrates a 
40 fold higher affinity than C6.S. A (sPv*)2 may be oonstnioed for example, from 
C6L1 (Ka » 2.5 X lO'' M) and C6ML3-9 (K^ = LOx 10* M). As higher affinity sFv 
become available, theSr genes are similarly used to construct (sFv')2. 

25 Alteniatrvdy, C6 (aIV)2 can be produced by linkii^ the 

peptide, as desoibed in Example 5. As higher affinity sFv become available their genes 
can be used to construct higher affinity (sFv)}. 

C6.S based Fab are ejqxressed in E. a>B using an expressira vector similar 
to tiielme described by Better et. al. (fietta et al. (1988) Science, 240: 1041-1043). To 

30 create a C6.5 based Fab, the VH and VL genes are amplified from the sFv uang PGR. 
The VH gene is cloned into a FUC119 based bacterial expression vector which provides 
the human IgG CHI domain downstream from, and in frame with, the Vh gene. The 
vector also contains the lac promoter, a pelb leader sequence to direct e^q^ressed Vh-CHI 
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domain into the periplasm, a gene 3 leader sequence to direct expressed light chain into 
the periplasm, and cloning sites for the light chain gene. Qones containing the correct 
VH gene are identified, e.g., by PGR fingerprinting. The Vi, gene is spliced to the Cl 
gene using PGR and cloned into the vector containing the CHI gene. 

m. Preparation of Chiimiric Molecnles ^ 

In anodier onbodiment this invention provides far diimraic molecules 
comprising a C6 antibody attadied to an effector molecule. As e3q>]ained above, the 
efifector molecule component of the diimeric molecules of this inventim may be any 
molecule whose activity it is desired to detiyer to cells that express o-etbB-2. Suitable 
effector molecules include cytotoxins such as PE, Ridn, Abrin or DT, «M«fin,Tffii^jp, 
ligands sudi as growth factors, antibodies, detectable labels such as fluorescent or 
ladioactive labds, and tiieraq)eutic compositions such as liposomes and various drugs. 

A) Cvtotoxins. 

Particularly prefened csrtotoxins include Pseudomonas exotoxins, 
Diphtheria toxins, lidn, and abiin. Pseudomonas exotcndn and DipOtteria toxin, in 
particular, are fiequoitly used in chimeric cytotoxins. 

n Pseudomonas cicotmcin 

Pseudomonas exotoxin A (PE) is an extremely active monomeric protein 
(molecular weight 66 kD), secreted by Pseudomonas aeruginosa, which inhibits protein 
synthesis-in eukaryotic cells through the inactivation of elongation fiurtor 2 (EF-2) by 
catalyzing its ^P-ribosylation (catalyzing the transfer of the ADP xibosyl moiety of 
oxidized NAD onto EF-2). 

The toxin contains ttuee^stou^wiSr domains that act in concert toxause 
cytotoxicity. Domain la (amino acdds 1-252) mediates cdl binding. Domain n (amino 
adds 253-364) is responsible for translocBtion into the cytosol and domain m (amino 
adds 4(X>-613) mediates ADP ribosylation of elongation ftctor 2, which inactivates the 
protein and causes ceU death. The function of domain lb (amino acids 365-399) remains 
undefined, although a large part of it, amino adds 365-380, can be deleted without loss 
of cytotoxidty. See Si^all et al., J. Biol. Oiem. 264: 14256-14261 (1989). 
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For maximum cytotoxic properties of a ptefemd PE molecule, several 
modifications to the molecule are recommended. An appTopnaXc carboxyl terminal 
sequence to the recombinant molecule is preferred to translocate the molecule into the 
cytosol of target cells. Amino acid sequences which have been found to be effective 
S include, KEDLK (as in native PE), REDL, RDEL, or KDEL, iqpeats of those, or other 
spquCTcrg that fimction to maintain or recycle protdns into the mdoplasmic reticulum, 
xefierred to here as "endoplasmic r^ention sequences*. See, for example, Chaudhary er 
a/, Proc. Natl Acad. Sd. USA 87:308-312 and Seethaxam et al, J. Biol Chem. 266: 
17376-17381 (1991). 

10 The targeting molecule can be insefted in nqilaoement for domain la. A 

similar insertion has been acoonqilished in what is known as the TGFa-EE40 molecule 
(also referred to as TP40) described in Hdmbrook er a/., Jf^. Natl Acad. Sci., USA^ 
87: 4697-4701 (1990). See also, Debinski et al. Biocoig. Chem., 5: 40 (1994) for other 
PE variants). 

15 The FE molecules can be fused to the C6 antibody by recombinant means. 

The graes racoding protein chains may be cloned in cDNA or in genomic form by any 
cloning im)cedure known to those skilled in the art. See for example Sambrook et al.. 
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, (1989). 
Methods of cloning genes encoding PE fused to various ligands are well known to those 

20 of skill in die art See, for example, SiegaU et al , FASEB J. , 3: 2647*2652 (1989); 
Chaudhary et al. Proc. Natl Acad. Sd. USA, 84: 4538^342 (1987). 

Those skilled in the art will realize that additional modifications, deletions, 
insertions and the like may be made to the chimeric molecules of the present invmtion or 
to the nuddc add sequences encoding the C6 chimeric molecules. Especially, deletions 

25 or changes may be made in FE or in a linker connecting an antibody gene to PE, in 
otdei to inraease cytotoxicity of the fiidon imldn toward target cdls or to decrease 
nonspecific cytotoxicity toward cells without antigen for the antibody. All sudi 
constructions may be inade by metiiods of gmetic engineering wdl known to those 
skilled in die art (see, generally, Sambrook et al., supra) and may produce protems that 

30 have differing prop^ties of affinity, specifid^, stability and toxidty that make them 
particularly suitable for various dinical or biological applications. 
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u) Piphtherifl toxiii fPTI , 

like PE, diphtheria toxin (DT) kills cdls by ADP-ribosylating elongation 
factOT 2 (EF-2) thereby inhibiting protein synthesis. Diphtheria toxin, however, is 
divided into two chains, A and B, linked by a disulfide bridge. In contrast to PE, chain 
B of DT, which is on the carboxyl end, is responsible for lecqitor binding and chain A, 
which is present on the amino end, contains the enzymatic activity (Uchida et al,. 
Science, 17S: 901-903 (1972); Uchida et al. J. Biol Chem., 248: 3838-3844 (1973)). 

Hie targeting molecule-Diphtheria toxin fusion proteins of this invention 
may have the native receptor-binding domain removed by truncation of die Dq)htheria 
tc»dn B chain. DT388, a DT in which the carboxyl tmninal sequence beginning at 
residue 389 is removed is illustrated in Chaudhary, er dL^ BwOl Biophys. Res. Comm., 
180:545-551(1991). 

Like the PE chimeric cytotoxins, the DT molecules may be chemically 
conjugated to the C6 antibody but, may also be prepared as fusion proteins by 
recombinant means. The genes ^coding protdn chains may be cloned in cDNA or in 
gttiomic form by any cloning procedure known to those skilled in the art. Methods of 
cloning genes encoding DT fused to various ligands are also well known to those of skill 
in the art. See, for example, Williams et al. J, Biol Chem. 265: 11885-11889 (1990) 
which describes the expression of growth-factor-DT fusion proteins. 

The term "Diphtheria toxin" (DT) as used heron refos to full length 
native DT or to a DT that has heea modified. Modifications typicaUy include removal of 
the targeting domain in die B chain and, more specifically, involve truncations of the 
carboxyl region of the B chain. 

B) PctwttiWg lafreis. 

Detectable labels suitable for use as the efiector mcdecule componmt of 
the dumeric molecules of this irivention indude any composition detectable by 
^ectroscopic, photochemical, biochemical, immunodiemical, electrical, optical or 
diemical means. Useful labds in the present invention include magnetic beads (e.g. 
Dynabeads™), fluorescent dyes (e.^., fluorescein isothiocyanate, texas red, rhodamine, 
green fluorescent protein, and tiie like), radiolabels (c.^., ^S, "C, or ^^), 

enzymes (e.g., horse radish peroxidase, alkaline {diosphatase and others commonly used 
in an EUSA), and colorimetric labds such as colloidal gold or colored glass or plastic 



wo 97/00271 PCT/US96/10287 

34 

(e.g. polystyrene, polypropylene, latex, etc.) beads. Patents teaching the use of such 
labels include U.S. Patent Nos. 3,817,837; 3.850,752; 3,939,350; 3,996,345; 4,277,437; 
4,275,149; and 4,366,241. 

Means of detecting such labds are well known to those of skill in the art. 
5 Thus, for example, ladidabels may be detected using photographic film or scintiTTation 
counters, fluorescent markers may be detected usdng a photodetector to detect emitted 
illumination. Enzymatic labels are ^pically detected by providing the enzyme with a 
substrate and detecting the reaction product produced by the action of die enqrme on the 
substrate, and colorimetric labels are detected by simply visualiziiig the colored label. 

10 

P Ligmtfe^ 

As explained above, tiie efiFector molecule may also be a ligand or an 
antibody. Particularly preferred ligand and antibodies are those that bind to surface 
markers of immune cells. Chimeric molecules utilizing such antibodies as effector 
15 molecules act as bifimctional linkers establishing an association betwem the immune cells 
bearing binding partner for the ligand or antibody and the tumor cells e3q>ressing the c- 
erbB-2. Suitable antibodies and growth fectors are known to those of skill in the art and 
include, but are not limited to, IL-2, IL-4, IL-6, IL-7, tumor necrosis fsactor (TNF), anti- 
Tac, TGFa, and the like. 

20 

D) Other therapeutig moieties. 

Other suitable effector molecules include pharmacological agents or 
encq>sulation systems containing various pharmacological agents. Thus, the C6 antibody 
may be attached directly to a drug that is to be ddivered directly to the tumOT^ Such 
25 drugs are wdl known to those of sldll in the art and include, but are not limited to, 
doxinibicin, vinblastine, genistdn, antismse molecules, ribozymes and the like. 

AltCTativdy, the effector molecule may comprise an encapsulation 
system, such as a liposome or micelle that contains a therapeutic composition such as a 
drug, a nucleic acid (e.g. an antisense nuddc add), or another therapeutic mmety that is 
30 prderably shidded from direct exposure to flie circulatory system. Means of preparing 
liposomes attached to antibodies are well known to those of skill in the art. See, for 
example, U.S. PMent No. 4,957,735 and Connor et al., Pharm. Ther., 28: 341-365 
(1985). 
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E> Attachment of the c6 antibody to the effect or molecule . 

One of skill will appreciate that the C6 antibody and the effector molecule 
may be joined together in any order. Thus the effector molecule may be joined to either 
the amino or caifooxy termini of the C6 antibody. The C6 antibody may also be joined to 
an internal region of the effector molecule, or convosely, the effector molecule may be 
joined to an internal location of the C6 antibody as long as Oe attachment does not 
interfere with the respective activities of the molecules* 

The C6 antibody and the effector molecule may be attached by any of a 
number of means well known to those of sidll in Ae art. Typically ttie effector molecule 
is conjugated, either direcdy or through a linker (spacer), to the C6 antibody. However, 
where tfie effector molecule is a polypeptide it is preferable to recombinantly esqness the 
chimeric molecule as a single-chain fusion protein. 

i> Copiugation of the effector molecule to the ti>rgAfit|g ^"ftlftn'^f ■ 
In one embodiment, the targeting moleoile C6 antibody is chemicaUy 
conjugated to Ae Sector molecule (e.g. a cytotoxin, a label, a ligand, or a drug or 
lqx>some). Means of chemically conjugating molecules are well known to those of «i"ii 
(see, for example. Chapter 4 in Monoclonal Antibodies: Principles and Applications, 
Birch and Lennox, eds. John Wiley & Sons, Inc. N.Y. (1995) which describes 
conjugation of antibodies to anticancer drugs, labds including radio labds, emymes, and 
the like). 

The procedure for attachmg an agent to an antibody or other polypeptide 
targeting molecule will vary according to the chemical structure of the agoit 
Polypeptides typically contain variety of functional groups; e.g., caxboxylic add (COOH) 
or free amine (-NH^) groiqis, which are available for reaction wiA a suitable functional 
group on an effector molecule to bind the effector thereto. 

Alternatively, tiie targeting molecule and/or effector molecule may be 
derivatized to expose or attach additional reactive functional groups. The derivatization 
may involve attachment of any of a number of linker molecules sudi as those available 
from Pierce Chraiical Company, Rockford Illinois. 

A "linker*, as used herein, is a molecule that is used to join the targeting 
molecule to the effector molecule. The linker is capsiblc of fomiing covalent bonds to 
both the targeting molecule and to the effector molecule. Suitable Unkers are well known 
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to those of skill in the art and include, but are not limited to, straight or branched-chain 
caxbon linkm, heterocyclic carbon linkers, or peptide linkers. Where the targeting 
molecule and the effector molecule are polypeptides, the linkers may be joined to the 
constituent amino adds through their side groups (e.£., through a disulfide linkage to 

S qrsteine). However, in a preferred embodiment, the linkers will be joined to the alpha 
carbon amino and cartxixyl groups of the terminal amino adds. 

A bifunctional Hnker having one functional group reactive with a group on 
a particular agent, and another group reactive wifli an mtibody, may be used to form the 
desired immunoconjugate. Alternatively, derivatization may involve chraiical treatment 

10 of the taxgrting molecule, e.g., glycol deavage of a sugar mde^ attadied to ttie protdn 
antibody with periodate to generate free alddiyde groups. The free alddiyde groiqis on 
the antibody may be reacted widi free amine or hydrazine groups on an agoit to bind the 
agent tiierefo. (See U.S. Patent No. 4,671,958). Procedures for generation of free 
sulfhydryl groins on polypeptide, such as antibodies or antibody fragments, are also 

IS known (See U.S. Pat. No. 4,659,839). 

Many procedure and linker molecules for attachment of various 
compounds induding radionuclide metal chelates, toxins and drugs to im>teins such as 
antibodies are known. See, for example, European Patmt Application No. 188,256; 
U.S. Patent Nos, 4,671,958, 4,659,839, 4,414,148, 4,699,784; 4,680,338; 4,569,789; 

20 and 4,589,071; and Borlinghaus er al. Cancer Res. AT. 4071-4075 (1987) which are 

incorporated herein by reference. In particular, production of various immunotoxins is 
well-known within the art and can be found, for «ample in "Monoclonal Antibody- 
Toxin Conjugates: Aiming the Magic Bullet," Thorpe et al.. Monoclonal Antibodies in 
CUmcal Medicine, Academic Press, pp. 168-190 (1982), Waldmann, Science, 252: 1657 

25 (1991), U.S. Patent Nos. 4,545,985 and 4,894,443. 

In some circumstances, it is deurable to free the effector mdecule from 
the targeting molecule wh» the chimeric molecule has reached its target site. Therefore, 
dumeiic ccmjugates comprising linkages whidi are deavable in the vidnity of the target 
site may be used when the effector is to be rdeased at tiie target site. Cleaving of tiie 

30 linkage to release the agrat from the antibody may be prompted by en^matic activity or 
conditions to which the immunoconjugate is subjected eitha inside the target cdl or in 
the vidnity of the target site. When the target site is a tumor, a Hnker whidi is 
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deavable mda conditions present at the tumor site (e.g. when exposed to tumor- 
associated enzymes or acidic pH) may be used. 

A number of different deavable linkers are known to those of skill in the 
art. See U.S. Pat. Nos. 4,618,492; 4,542,225, and 4,625.014. The mechanisms for 
idease of an agent from these linker groups indude, for example, inadiatim of a 
photcdabile bond and add-catalyzed hydrolysis. U.S. Pat. No. 4,671,958, for example, 
indudes a descnptum of inrnumoconjugates compxising linkers whidi are cleaved at die 
taigetsitejii by the proteolytic enzymes of the patient's comidemem system Li 
view of the laige number of methods that have been iqxnted for attaching a variety of 
lari iodi ag no stic compounds, ladiodierqieutic compounds, drugs, tcndns, and other agents 
to antibodies one skilled in die art will be able to detomine a suitable method for 
attaching a given agent to an antibody or other polypeptide. 

ii) Productf on of fiKinn nrotebM. 

Where the C6 antibody and/or the effector molecule are rdativdy short 
(«.«., less than about 50 amino adds) they may be synthesized using standard chemical 
peptide synthesis techniques. Where both molecules are rdativdy short die chimeric 
molecule may be synthesized as a single contiguous polypeptide. Altemativdy the C6 
antibody and the effector molecule may be syntiieazed sq»xatdy and then fused by 
condensation of the amino terminus of one molecule widi the caiboxyl terminus of the 
other molecule fliereby forming a peptide bond. Altemativdy, the targeting and effector 
molecules may each be condensed wiUi one end of a peptide spacer molecule thereby 
forming a contiguous fusion protein. . ' . 

Solid phase syntiiesis in which the C-terminal amiiio add of tfie sequence 
is attached to an insoluble support followed by sequential addition of die remaining 
amino adds in die sequence is die prefened mediod for die chemical synthesu of die 
pdypqrtides of diis invention. Techniques for solid phase syndiesis are described by 
Barany and Merrifidd, SoUd-Phase Peptide SynOiesu; pp. 3-284 in The Peptides: 
Analysis, Synthesis, Biology. Vol. 2: Special Methods in Peptide Synthesis, Pan A. , 
Merrifidd, er al. J. Am. Oiem. Soc., 85: 2149-2156 (1963), and Stewart et al., SoUd 
Phase P^ftide Syndiesis. 2nd ed. Pierce Chem. Co., Rockfoid, Dl. (1984). 

In a preferred embodiment, the chimeric fusion proteins of die present 
invention are syndiesized using recombinant DNA methodology. GeneiaUy diis involves 
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dealing a DNA sequence that encodes the fusion proton, placing the DNA in an 
expression cassette under the control of a particular promoter, expressing the protein in a 
host, isolating the expressed protein and, if required, renaturing the protein. 

DNA racoding the fusion protdns (e.g. C6.5Ab-F^ of this invention may 

5 be piq»red by any suitable method, including, for example, cloning and restriction of 
s^yprppriase sequences or direct chemical synthesis by m^ods such as the 
phosphotriester method of Naxang ei al. MeA. Erc^moL 68: 90-99 (1979); the 
phosphodiester method of Brown et d., MeOu Enzymol 68: 109-lSl (1979); the 
diettiylphosphorgmidite method of Beaucage et al,, Tetra. Lea.^ 22: 18S9-1862 (1981); 

10 and the solid support method of U.S. Patrat No. 4,458,066. 

Chemical synthesis produces a smgle stranded oligonucleotide. This may 
be converted into double stranded DNA by hybridization with a complraientary 
sequence, or by polymerization with a DNA polymerase uising the single strand as a 
template. One of sldll would recognize that while chemical synthesis of DNA is limited 

IS to sequmces of about 100 bases, longer sequences may be obtained by the ligation of 
shorter sequences. 

Alternativdiy, subsequmces may be cloned and the appropriate 
subsequoices cleaved using appropriate restriction enzymes. The fragments may then be 
ligated to produce the desired DNA sequence. 

20 In a prefeTTed embodimoit, DNA ^coding fusion proteins of the present 

invention may be cloned using DNA amplification methods such as polymerase chain 
reaction (PGR). Thus, for example, the g&it for the C6 antibody may be amplified from 
a nudric add template (done) using a sense prima containing a first restriction ^te and 
an antismse primn containing a second restriction site. This produces a nucldc add 

25 encoding the mature C6 antibody sequence and having terminal restriction sites.. A 
cytotoxin (or other polypeptide efifisctor) may be cut out of a plasmid mcoding that 
e£fector using restriction enqrmes to produce cut ends suitable for annealing to the C6 
antibody. Ligation of the sequences and introduction of the construct into a vector 
produces a vector encoding the C6-e£fector molecule fusion protein. Such PGR doning 

30 methods are well known to those of skill in the art (see,>br example^ Debinski et d. Im. 
J. Cancer^ S8: 744-748 (1994), for an example of the preparation of a PE fusion 
protein). 
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While the two molecules may be directly joined together, one of skill will 
appreciate that the molecules may be separated by a peptide spacer consisting of one or 
more amino acids. Generally the spacer will have no specific biological activity other 
than to join die proteins or to preserve some minimum distance or otha spatial 
S itdationship between them. However, the constituat amino adds of die spacer may be 
selected to influence some property of the molecule such as the folding, net charge, or 
hydrophobicity. One of skill will iqypreciate that PGR piimas may be selected to 
introduce an amino add linker or spacer between the C6 andbocty and the effector 
molecule if desired. 

10 The nucleic add sequences encodii^ the fusion protdns may be oqires^ 

in a variety of host cells, including £. coU, other bacterial hosts, yeast, and various 
higher eukaryotic cells such as the COS, CHO and HeLa cells lines and myeloma cell 
lines. The recombinant protein gene will be operably linked to appropriate expression 
control sequences for each host. For £. coU this ihdudes a promoter such as the T7, 

IS trp, or lambda promoters, a ribosome binding rite and preferably a transcription 

termination signal. For eukaryotic cells, the control sequences will include a promoter 
and preferably an enhancer derived from immunoglobulin genes, SV40, cytom^alovirus, 
etc., and a polyadenylation sequence, and may indude splice donor and accqitor 
sequraces. 

20 The plasmids of the invention can be transferred into the chosm host cell 

by well-known metiiods sudi as caldum chloride transformation for £. coU and caldum 
phos{rtiate treatment or electrdpoiation for mammalian cells. Cells transformed by die 
plasmids can be sdected by resistance to antibiotics c on fc cted by genes contained on the 
plasmids, such as the aiiq>, gpt, neo and hyg genes. 

25 Once e^ressed, the recombinant fusion proteins can be purified according 

to standard procedures of the art, induding ammonium sul&te precipitation, affinity 
colunms, column chromatography, gel electrpphoreris and die like (see, generally, R. 
Scopes, Protein Pur^cation, Springer-Vcriag, N.Y. (1982), Deutscher, MeOtods in 
Enzymology Vol. 182: tSuide to Protein Purification., Academic Press, Inc. N.Y. 

30 (1990)). In a preferred embodiment, the fusion proteins are purified using affinity 

purification methods as described in Examples 1 and 2. Substantially pure conqx>ritions 
of at least about 90 to 95% homogendty are preferred, and 98 to 99% or more 
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homogeneity are most preferred for phannaceutical uses. Once purified, partiaUy or to 
homogenaty as desired, the polypeptides may then be used tiiecapeutically. 

One of skill in the ait would recognize that after dionical synthesis, 
biological eqpression, or purification, the C6 antibody-effector fusion proton may 

5 possess a conformation substantially different than the native conformations of the 
consdtuent polypeptides. In this case, it may be necessary to denature and reduce the 
polypeptide and tfien to cause tfie potypqitide to le-fold into the preferred conformation. 
Methods of ledudng and <ffnn«tiri«g proteins and indudng ze-fidding are wdl known to 
those of skin in the art. (See, DeWnski ef at 7. Btoi Cton., 268: 14065-14OT^ 

10 Kieitman and Pastan, Biocm^ig. Chem. , 4: 581-585 (1993); and Buchner, et al. . Anal. 
Biodiem.. 205: 263-270 (1992). Debinski etaL,fm exanqde, describe the denatuiation 
and reduction of inclusion body proteins in guanidine-DTE. The proton is then refolded 
in a redox buffer containing oxidized glutathicme and L-aiginine. 

(tee of skiU would recognize that modificatiMis can be made to the C6 

15 antibody-effector fusion proteins wifltout diminishing tfieir biidQgical activity. Some 

modifications may be made to facilitate die doning, expresaon, at inooipocaticm of the 
targeting molecule into a fusion protein. Such modifications aie wdl known to those of 
Ririii in the art and include, for exanq>le, a methionine added at the amino tenninus to 
provide an initiation site, or additional amino adds plax:ed on eitiio^ terminus to create 

20 convenioitly located restriction sites or termination codons. 

IV. Diamoiftii: A««»v«- 

As explained above, tiie C6 antibodies may be used for the in vivo at in 
vitro detection of c-ecbB-2 and tiuis, in the diagnoas and/or localization of cancers 
25 diaiactetized by tiie eaqnesaon of c-eibB-2. 

fa VgvoDetiictionttrc^B-2. 

The C6 antibodies and/or dumeric molecules of tiie present invention may 
be used to jR vrvo d^ection and localization of cdls («.g. o-eibB-2 positive carcinoma) 
30 bearing c-abB-2. Sudi detection invcdvesadministoiiig to an organism a diimeiic 
molecule comprising a C6 joined to a labd detectable in vnv. Such labds are well 
known to those of skill ui tiie art and indude, but are not limited to, dectron dense 
labels such as gold or barium which may be detected by X-iay or CAT scan, various 
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radioactive labels that may be detected using scintillogiaphy, and various magnetic and 
paramagnetic materials that may be detected u^g positron emission tomography (PET) 
and magnetic resonance imaging (MKI). The C6 antibody associates the label with the c- 
eibB-2 bearing cell which is then detected and localized using the appropriate detection 
5 method. 

In Vitm Detection of i^-erhll-2. 

The C6 antibodies of this invention axe also useful for the detection of c- 
ecfoB-2 in vUm e.g., in bixdogical samples obtained from an organism. The detection 
10 and/or quantificaticm of c-«bB-2 in such a sanq>le is indicative the presence or absmoe 
or quantity of cdls (6.g., tumor cdls) overexpressing c-erbB-2. 

The c-eibB-2 antigen may be quantified in a biological sample derived 
from a patient such as a cell, or a tissue sample derived from a patimt. As used herein, a 
biological sample is a sample of biological tissue or fluid that contains a c-^B-2 antigen 
IS concmtration that may be oorrdated with and indicative of cells overe3q[>ressing c-erbB-2. 
Preferred biological samples include blood» urine, and tissue biopsies. 

In a particularly preferred embodimmt, eibB-2 is quantified in breast 
tissue cells derived from normal or malignant breast tissue samples. Although the 
sample is typically taken from a human patient, the assays can be used to detect eibB-2 
20 in cells frx>m mammals in genml, such as dogs, cats, sheep, cattie and pigs, and most 
particularly primates such as humans, chimpanzees, gorillas, macaques, and baboons, 
and rodrats such as mice, rats, and guinea pgs. 

Tissue or fluid samples are isolated from a patient according to standard 
mettods well known to those of skill in the art, most typically by biopsy or 
25 venipuncture. The sample is optionally pretreated as necessary by dilution in an 

appropriate buffa solution or concentrated, if desired. Any of a numb« of standard 
aqueous buffer solutions, employing one of a variety of buffers, such as phosphate, 
Tris, or the like, at physiological pH can be used. 
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O A^Y Formats (Detection or Oiiantificatioii of €>erblW.2^, . 

The c-eibB-2 pq)tide (analyte) or an anti-c-ob-2 antibody is preferably 
d e tected in an immunoassay utilizing a C6 antibody as a capture agent that qiedfically 
binds to a c-eibB-2 peptide. 

As used herdn, an immunoassay is an assay that utilizes an antibody (eg. 
a C6 antibody) to spedficaUy bind an analyte ie.g., c-eib-2). The immunoassay is 
chaiacterized by the use of specific binding to a C6 antibody as opposed to other physical 
or chankal propenies to isolate, target, and quantify the o-eibB-2 analyte. 

The o-eibB-2 roaricer may be detectisd and quantified using any of a 
nuabcr of wdl recognized inununcdogical binding assays. (See for examidei U.S. 
Patents 4,366,241; 4,376,110; 4,517,288; and 4,837, 1«B, which ate hereby incorporated 
by s^srence.) For a review of die general immunoassays, see also Metiiods in Cdl 
Biology Volume 37: ' Antibodies in Ceil Biology, Asai, ed. Academic Press, Inc. New 
York (1993); Basic and ainical Immunology 7th Edition, Stites & Terr, eds. (1991)). 

The immimoassays of the present invoition are performed in any of 
several configurations, e.g., those reviewed in Maggio (ed.) (1980) Emyme Immunoasst^ 
CRC Press, Boca Raton, Florida; Tijan (1985) "Practice and Theory of Enzyme 
Immunoassays," La2^rarory Techniques in Biochemistry and Molecular Biology y Hsevier 
Science Publishers B.V., Amsterdam; Harlow and Lane, j^pm; Chan (ed.) (1987) 
Imnatnoassay: A Practical Guide Academic Press, Qdando, FL; Price and Newman 
(eds.) (1991) Principles and Practice oflmmunoasu^s Stockton Press, NY; and Ngo 
(ed.) (1988) Non isotopic Inmunodsscys Plenum Pres, NY. 

Immunoassays ofitai utilize a labding agent to specifically bind to and 
labd the binding c(miplex fixmed by die cspure agent and die analyte 0*.e., a C6 
antibody-etbB-2 complex). The labding agent may itself be one of die moieties 
oonqntising the antibody/analyte con^dex. Thus^ die labeling agent may be a labeled c- 
eibB-2 pq>tide or a labeled C6 antibody. Alternatively, tiie labeling agent is optionally a 
third moiety, such as anotiier antibody, tint specifically binds to the C6 antibody, die c- 
abB-2 pq>tide, die anti-c-etbB-2 antibody/c-«ibB-2 pq>tide complex, or to a modified 
capture group {e.g., biotin) which is covalenfly linked to c-eifoB-2 or die C6 antibody. 

Isi one embodiment, the labeling agent is an antibody diat spedfically 
binds to the C6 antibody. Such agents are well known to diose of skill in die art, and 
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most typically comprise labeled antibodies that specifically bind antibodies of the 
particular animal species ftom which the C6 antibody is derived {e.g,, an anti-species 
antibody). Hius, for example, where the capture agent is a human derived C6 antibody, 
the label agmt may be a mouse anti-human IgG, Lc, an antibody specific to the constant 
region of the human antibody. 

Other proteins capable of specifically binding immunoglobulin constant 
regions, sudi as streptococcal protein A or protean O are also used as the T?ifyfling agoit. 
These pn>teins are normal constituoits of the ceU walls of strq>tococcal bacteria. They 
exhibit a strong non immunogenic reactivity with immunoglobulin ccmstant regions from 
a variety of species. See, generally Kronval, et al., (1973) J. Immunol., 111:1401-1406, 
and Akerstrom, er a/., (198S)/. Immunol, 13S:2S89-2542. 

Throughout the assays, incubation and/or washing st^s may be required 
after each combination of reagents. Incubation stqps can vary ftom about 5 seconds to 
several hours, preferably ftom about 5 minutes to about 24 hours. However, the 
incubation time will depaid 'iqwn the assay format, analyte, volume of solutum, 
concoitrations, and the like. Usually, the assays are carried out at ambient temperature, 
although they can be conducted over a range of temperatures, such as 5*'C to 4S*'C. 

fa) Non comnetitivff ««p»v fnrw^^f^ 
Immunoassays for detecting c-ecb-2 are typically eitfier compedtive or 
noncompetitive. Nonconqietitive immunoassays are assays in whidi the amount of 
captured analyte On this case, c-eib-2) is directly measured. In one preferred 
"sandwich" assay, for example, the cs^rture agent (e.g., C6 antibody) is bound directly 
or indirectly to a solid substrate where it is immobilized. These immc^ilized C6 
antibodies capture c-eifo-2 presoit in a test sample (e.g., a Inolqgical sanq>le derived 
ftom breast tumor tissue). The c-eib-2 thus immobilized is then bound by a labeling 
agoit, aich as a second c-eib-2 antibody bearing a label. Altemativ^y, the seccmd 
antibody may lack a label, but it may, in turn, be bound by a labeled third antibody 
specific to antibodies of the species ftom which the second antibody is derived. Free 
labeled andbody is washed away and the remaining bound labeled antibody is detected 
(e.g. , using a gamma detector where the label is radioactive). One of skill will 
appreciate that the analyte and capture agent is optionally reversed in the above assay. 
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e.g., when the presence, quantity or avidi^ of a C6 antibody in a sample is to be 
measured by its binding to an inunobilized c-erb-2 pq>tide. 

ft) CmBwtitiYff asMY formnfrf. 
S In competitive assays, the amount of analyte (e.g. , c-eibB-2> present in the 

sample is measured indirectly by measuring the amount of an added (exogenous) analyte 
displaced (or competed away) from a capban agent (e.;., C6 antibody) by the analyte 
presoit in ttie sample. In one competitive assay, a known amount of c-eib-2 is added to 
a test sample with an unquantified amount of c-erbB-2, and the sample is contacted with 

iO a cqyture agent, e.go a C6 antibody Oat qpedficaUy binds c-^^ The amount of 
added c-erbB-2 which binds to die C6 antibody is inversely proporticinal to the 
concratration of c-ei1)B-2 inesent in the test saixqri^ 

The C6 antibody can be immobilized cm a solid substiate. The amount of 
ecbB-2 bound to the C6 antibody is d^ermined either by measuring the amount of erbB-2 

IS present in an eibB-2-C6 antibody complex, or altdmativdy by measuring the amount of 
remaining uncpmplexed eibB-2. Similarly, in certain embodiments where the amount of 
©rbB-2 in a sample is known, and the amount or avidity of a C6 antibody in a sample is 
to be determined, ^B-2 becomes the capture agent (e«^., is fixed to a solid substrate) 
and the C*6 antibody becomes the analyte. 

20 

fc) RctfPrtigR Of Ngn Spgciflr Wndinf , 
One of skiU will appreciate that it is often desirable to reduce non specific 
binding in immunoassays and during analyte purification. Where the assay involves c- 
abB-2, C6 antibody, or other csq[>ture agmt immobilized on a solid substrate, it is 
25 desirable to minimize the amount of non specific binding to the substrate. Means of 

redudng such non specific binding are well known to those of skill in the art. Typically, 
this involves coating the substrate with a proteinaceous composition. In particular, 
protdn compositions such as bovine serum albumin (BSA), nonfat powdered milk, and 
gelatin are widely used. 

30 
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As mentioned above, depending upon the assay, various componoits, 
including the eibB-2, C6 or antibodies to eibB-2 or C6, are optionally bound to a solid 
surface. Many methods for immobilizing biomolecules to a variety erf solid surfaces are 
known in the art. For instance, the solid surfoce may be a membrane (e.g., 
nitroceUulose), a microtiter dish (e.g., PVC, p(dypropylene, or polystyrene), a test tube 
(glass or plastic), a dipstick («.^. glass, PVC, polypropylene, polystyrene, latex, and the 
like), a microcentrifuge tube, or a glass, silica, plastic, metaUic or polymer bead. The 
desired component may be covalcaidy bound, or noncovalently attadied through 
nonq)edfic bmding. 

A nvide variety of organic and inorganic polymers, both natural and 
synthetic may be employed as the material fior the solid surfece. Ulustiative polymeis 
include polyethylene, polypropylene, poly(4-methylbutene), polystyroie, 
polymethacrylate, poly(ethylene terephthalate), rayon, nylon, poly(vinyl butyrate), 
polyvinyUdene difluoride (PVDF), silicones, polyfbrmaldehyde. ceUulose, ceUulose 
acetate, nitrocellulose, and the like. Other materials which may be employed, include 
paper, glassess, ceramics, metals, metalloids, semiconductive materials, cements or die 
like. In addition, substances that form gels, such as protems (e.^., gelatins), 
lipopolysaccharides, silicates, agarose and polyacrylamides can be used. Polymers which 
form several aqueous phases, such as dextrans, polyalltylene glycols or sur&ctants, such 
as phospholipids, long chain (12-24 carbon atoms) alkyl ammonium salts and the like are 
also suitable. Where the solid surface is porous, various pote sizes may be employed 
dq)ending upon the nature of die system. 

In prqaring the sur&ce, a plurality of diffoent matt^nu may be 
employed, e.g., as laminates, to Obtain various properties. For ecample, protein 
coatings, such as gelatin can be used to avoid noh ^ledfic binding, simplify oovalent 
conjugation, enhance agnal dttection or the UkB. 

If covalent bonding between a compound and the surfece is desired, the 
surfece will usuaUy be pdyfimctional or be capable of being polyfunctionalized. 
Functional groups which may be present on the surface and used for linking can include 
carboxylic adds, aldehydes, amino groups, cyano groups, ethylenic groups, hydroxyl 
groups, merc^to groups and the like. The manner of linking a wide variety of 
compounds to various surfaces is wdl known and is amply ilhistrated in die Uteiature. 



i 
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See, for example. Immobilized Enzymes^ Ichiro Chibata, Halsted Press, New York, 1978, 
and Cuatiecasas, J. Biol. Chem. 245 3059 (1970). 

In addition to covalent bonding, various methods for noncovalently binding 
an assay componfflt can be used. Noncovalent binding is typically nonspecific 

5 absorption of a compound to the surface. Typically, the surface is blocked with a second 
compound to prevent nonspecific binding of labeled assay conqx^ Altemativdy, 
the sur&ce is designed such that it nonapedfically binds one compcment but does not 
agnificantly bind anodier. For exanq[de, a surface bearing a lectin sudi as Concanavalin 
A will bind a carbohydrate containing compound but not a labeled protein that lacks 

10 glyoosylation. Various scdid surfibces for use in noncovalent attachment of assay 
components are reviewed in U.S. Patent Nos. 4,447,576 and 4,254,082. 

ii> Other Assay Formats 

C-eibB-2 polypq>tLdes or C6 antibodies and can also be dtiected and 
15 quantified by any of a number of otfan means well known to those of skill in the art 
These include analytic biochemical methods such as spectrophotometry, radiogrsq^hy, 
electrophoresis, capillary electrophoresis, high performance liquid chromatography 
(HPLX;), thin layer chromatography (TLC), hyperdififusion diromatogr^hy, and the like, 
and various immunological methods such as fluid or gel precipitin reactions, 
20 immunodiffusion (single or double), immunoelectrophoresis, radioimmunoassays (RIAs), 
enzyme-linked immunosorbent assays (EUSAs), immunofluorescmt assays* and the like. 

Weston blot analysis and related methods can also be used to detect and 
quantify the presmce of erbB-2 pepti^ and C6 antibodies in a sample. The technique 

25 graerally comprises separating sample products by gel electrophoresis on the basis of 

molecular wdght, transferring the sq)arated products to a suitable solid support, (such as 
a nitrocellulose filter, a nylon filter, or doivatized nylon filter), and incubating the 
sample with the antibodies that specifically bind dflier tiie abB-2 peptide or the and- 
erbB-2 antibody. The antibodies spedfically bind to die biological agent of interest on 

30 die solid support. These antibodies are directiy labded or altonatively are subsequmtiy 
detected using labeled antibodies (e.^., labeled sheep anti-human antibodies where the 
antibody to a mark» gate is a human antibody) which specifically bind to the antibody 
which binds either anti-erbB-2 or eibB-2 as appropriate. 
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Other assay foxmats include liposome immunoassays (LIAs), which use 
liposomes designed to bind specific molecules (e.g., antibodies) and release encapsulated 
reagents or markers. The released chemicals are then detected according to standard 
techniques (see, Monroe et al., (1986) Amer. CUn. Pmd. Rev. 5:34-41). 

iin T^h^^ifig of C6 iintihmlii^, 

Hie labeling agent can be, e.g., a monodonal antibody, a polyclonal 
antibody, a protean m complex sudi as tiiose described herein, or a polymer sudi as an 
affinity matrix, caibohydrate ot li|ud. Detection proceeds by any known iheUipd, 
includiog immunoblotting, western analysis, gd-molnlity shift assays, tracking of 
nulioactive or bifdununesooit markers, nuclear magnetic resonance, electron 
pa ram agnetic resonance, stopped-flow spectroscopy, column chromatography, capillary 
electrophoresis, or other methods which track a molecule based upon an alteration in size 
and/or charge. The particular label or detectable group used in the assay is not a critical 
aspect of the invention. The detectable groiq) can be any material having a detectable 
physical or chemical property. Such detectable labels have been well-developed in the 
fi^ of immunoassays and, in general, any labd us^ in sudi methods can be applied 
to the present invention. Thus, a labd is any composition d^ectaUe 1^ ajieclzosccpic, 
photochemical, biochemical, immunochemical, electrical, optical or dmnical means. 
Useful labelis in the preset invention include magnetic beads (e.g. Dynabeads^, 
fluorescent dyes (e.g., fiuorescdn isothiocyanate, Texas red, rfaodamine, and the like), 
ndiolabds (e.g., »H, «S, «*C, or «P), enzymes LacZ, CAT. hcnse nulish 
peroxidase, alkaline phosphatase and o&ers, commonly used as detectable enzymes, 
either as marker gene products or in an EUSA), and colorimetric labds such as coUoidal 
gold or colored glass or plastic (e.g. polystyrene, polypropylene, latex, efc.) beads. 

The label may be coupled directly or indirecdy to the desired componoit 
of the assay according to methods weU known in the art As indicated above, a wide 
variety of labels may be used, with the choice of label depending on thelensitivity 
required, ease of conjugation of the compound, stabUi^ requiremoits, available 
instrumoitatiai, and ^<qM>ffl1 provisions. 

Non radioactive labels are oftoi attached by indirect means. Generally, a 
ligand molecule (e.g., biotin) is covalentty bound to the molecule. The ligand then binds 
to an anti-ligand (e.g., streptavidin) molecule which is eitfao- inherently detectable or 
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covalently bound to a signal system, such as a detectable enzyme, a fluorescent 
compound, or a chemiluminescent compound. A number of ligands and anti*ligands can 
be used. Where a ligand has a natural anti-ligand, for oample, biotin, thyroxine, and 
Cortisol, it can be used in conjunction with the labeled, naturally occurring anti-Ugands. 
S Alternatively , any haptenic or antigenic compound can be used in combination vnih an 
antibody. 

The molecules can also be conjugated directly to signal geneiatinig 
conipounds, e.g«, by conjugation ivith an enzyme or fluorpphore. Enagrmes of interest as 
labels will primarily be hydrolases, particularly phosphatases, esterases and glycosidases, 

10 or oxidoreductases, particularly peroxidases. Fluorescent compounds indude fluorescein 
and its derivatives^ rfaodamine and its derivatives, dansyl, umbellifenme, enc. 
Chemiluminescent compounds include ludferin, and 2,3-dihydrophtfaalaanediones, e.g., 
^ luminol. For a review of various labelling or signal producing systems which may be 
used, see, U.S. Patent No. 4,391,904, which is incoiporated herein by reference. 

IS Means of detecting labels are well known to those of skill in the art 

Thus, for example, where the label is a radioactive label, means for detection include a 
scintillation counter or photographic film as in autoradiography. Where the labdl is a 
fluorescoit label, it may be detected by exciting the fluorochrome with the appropriate 
wavelength of light and detecting the resulting fluorescence, e.g., by microscopy, visual 

20 inspection, via photographic film, by the use of electronic detectors such as diarge 

coi^led devices (CCDs) or photomultipliers and the like. Similarly, enzymatic labds 
may be detected by providing s^ropriate substrates for the enzyme and detecting the 
resulting reaction product. Finally, simple colorimetric labels may be detected simply by 
obsoving the color associated with the label. Thus, in various dipstick assays, 

25 conjugated gold often appears pink, while various conjugated beads appear the color of 
Ae bead. 

Some assay formats do not require &e use of labeled components. For 
instance, agglutination assays can be used to detect ttie presence of C6 antibodies and C6 
antibody-abB-2 peptides. Jn this case, antigra-coated particles are agglutinated by 
30 samples comprising the target antibodies. In this format, none of tiie conqponents need 
be labeled and die presence of the target antibody is detected by simple visual inspection. 
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V, Phnrmacettticfll Compositions, 

The chimeric molecules of this invention are useful for paroiteral, topical, 
oral, or local administration, such as by aerosol or transdermally, for pn^hylactic and/or 
therapeutic treatment. The pharmaceutical compositions can be administered in a variety 
of unit dosage forms dq)ending upon the method of administration. For example, unit 
dosage forms suitable for oral administration include powder, tablets, pills, capsules and 
lozenges. It is recognized that the fusion proteins and pharmaceutical compositions of 
this invention, when administoed orally, must be protected from digestion. This is 
typically accomplished either by complying the protein with a composition to render it 
resistant to addic and enzymatic hydndytts or by packaging the protein in an 
appropriately reastant carrier such as a liposome, l^feans of protecting proteins from 
digestion are well known in the art. ■ 

The pharmaceutical compositions of this invention are particularly useful 
for parenteral administration, such as intravenous administration or administration into a 
body cavity or lumen of an organ. The compositions for administration will commonly 
comprise a solution of the chimeric molecule dissolved in a phannaceutically accqitable 
carrier, preferably an aqueous carrier. A variety of aqueous carriers can be used, e.g. , 
buffered saline and the like. These solutions are sterile and goioally free of undesirable 
matter. These compositions may be sterilized by convrntional, well known sterilization 
techniques. . The compositions may contain pharmaceutically acceptable auxiliary 
substances as required to approximate physiological ccmditicms such as pH adjusting and 
buffering agoits, toxicity adjusting agents and the like, for example, sodium ?icmtp, 
sodium chloride, potassium chloride, calcium chloride, sodiimi lactate and the like. The 
concentration of chimeric molecule in these formulations can vary widely, and will be 
selected primarily based on fluid volumes, viscosities, body weight and the like in 
accordance witii the particular mode of administration selected and the patient's needs. 

Thus, a Qfpical pharmaceutical composition for intravenous administration 
would be about 0.1 to 10 nig per patient per day. Dosages from 0.1 up to about 100 mg 
per patient pa day may be used, particularly when the drug is administered to a secluded 
site and not into the blood stream^ such as into a body cavity or into a lumen of an 
organ. Metiiods for preparing parenterally administrable co^^xlsitions will be known or 
apparent to those skilled in the art and are described in more detail in such publications 
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as Remington's Phamutceutical Science^ 15th ed.. Mack Publishing Company, Easton, 
Pennsylvania (1980). 

The compositions containing the present fusion proteins or a cocktail 
thereof with othw protdns) can be administered for therapeutic treatments. In 
5 flieR9)eutic applications, compositions are administered to a patient suffering from a 
disease, typically a c-^B*2 positive cardnoma, in an amount sufficient to cure or at 
least partially arrest tiie disease and its complicadcms. An amount adequate to 
acconqdish ttiis is ddined as a "tfaerq)eutically effective dose." Amounts ^fective for 
this use will depend upon the seventy of the disease and the general state of the patient's 
10 health. 

Single or multipk administrations of die oonqx>sitions nuy be administered 
depmding on the dosage andi frequency as required and tolerated by the patient. In any 
evont, the composition should provide a sufficdent quantity of the proteins of thii 
invmtion to effectively treat the patient 

15 Among various uses of the cytotoxic fusion proteins of the present 

invention are included a variety of disease conditions caused by specific human cells that 
may be eliminated by the toxic action of the protein. One application is the treatment of 
cancer, such as by the use of a C6 antibody attached to a cytotoxin. 

Another approach involves using a ligand that binds a cell surface marker 

20 (receptor) so the chimoic associates cells bearing the ligand substrate are associated with 
the c-eibB-2 overexpressing tumor cell. The ligand portion of die molecule is chosen 
according to the intmded use. Proteins on the mmabranes of T cells that may serve as 
targets for the ligand includes FC7I, FcyH and FcYin, CD2 (Til), CD3, CD4 and CDS. 
Protdns found predominantiy on B cells that might s^e as targets include CDIO 

25 (CALLA antigen), CD19 and CD20. CD4S is a possible target that occurs broadly on 
lymphoid cdls. These and other possible target lymphocyte target molecules for the 
chimeric molecules bearing a ligand effector are described in Leukocyte Typing HI, A J. 
McMichael, ed., Oxford University Press (1987). Those skilled in the art will realize 
ligand Sectors may be chosen that bind to recq>tors repressed on still othor types of 

30 cells as described above, for example, membrane glycoproteins or ligand or hormone 
recq)tors such as qiidermal growth factor receptor and the like. 
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VI. Kite Tor TOnpnncte or TreatniPtit 

In another embodiment, this invention provides for kits for the treatment 
of tumors or for the detection of cells overe3q)iessing c-ert>B-2. Kits will typically 
comprise a chimeric molecule of the present invention (e.^. C6 antibody-labd, C6 
antibody-cytotoxin, C6 antibody-ligand, etc.). In addition the Idts will typically include 
instructional materials disdosiog means of use of chimeric molecule (e.g. as a cytotoxin, 
for detection of tumor cells, to augment an immune response, etc.). Hife Idts may also 
indnde additional conqxments to fiuUitate the particular application for which the kit is 
designed. Thus, for example, where a kit contains a chimeric molecule in which the 
effector molecule is a detectable label, the kit may additionally contain means of 
detecting the label («.g. enzyme substrates for enzymatic labels, filter sets to detect 
fluoresoent labels, ^rqpriate seoondaiy labels such as a sheep anti-human antibodies, or 
the like). TTie kits may additionally include buffers and other reagents routinely used for 
the practice of a particular method. Such kits and appropnato contents are wdl known to 
those of skill in the art 

EXAMPLES 

The following examples are provided by way of illustration only and not 
by way of limitation. Those of skill will readily recognize a variety of noncritical 
parameters which couU be changed or modified to yield essentially similar results. 



fegtetign and caiaracterization of H„m«.« s w i e^ain tti^ Wndin«> r-^rt r^-?, 

Matig-iafe and Mcthntim 

PnparatUm (tfc-etbB-2 BCD 

The antigen o-eibB-2 BCD with a Ser-Gly-Hise C-termmal fusion was 
e3q»ressed fiom Chinese Hamster Ovary cells and purified by immobilized metal affinity 
diromatogrsqihy (IMAC). 

fhage preparatian 

Phage were prqwred from a phagemid library (3 x 1(F membfcrs) 
expressing sFv as pIH fusions on the phage surface (Marks et al. (1991) J. Mol. Biol. 
222:581-597). The library was created from a repertoue of sFv genes consisting of 
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human heavy and light chain variable region (Vh and V^) genes isolated from the 
peripheral blood lymphocytes of unimmunized human vduhteers. To rescue phagemid 
particles from the library, 50 ml of 2 x TY media containing 100 /ig/ml ampicillin and 
1% glucose wefe inoculated with 10^ bacteria taken from the frozen library glycerol 
5 stock. The culture was grown at ST'C with shaking to an nm of 0.8» 7.0 x 10" 
cokmy forming units of VCS-MB (Stratgrae) added, and incubation continued at ST^'C 
for 1 h without shaking followed by 1 h with shaking. The cells were pelleted by 
cmtrifugatiQn at 4S00g for 10 min, lesuspended in 200 nil of 2 x TY media containing 
100 f(g/ml an^idllin and 2.5 fig/ml kanamycin and grown overnight at 37*^C. Phage 
10 particles were purified and ocmcentrated by 2 polyediylene glycol precipitations and 

resuspended in PBS (25 mM NaH2P04, 125 mM NaCl, pH 7.0) to approximalely 10^ 
transducing units/ml ampicillin resistant clones. 

Selection of binding phage antibodies 

15 Phage expressing sFv which bound c-erbB-2 were selected by panning the 

phage library on inmiobilized c-erbB-2 ECD (Marks et al. (1991) supra.). Briefly, 
immunotubes (Nunc, Maxisorb) were coated with 2 ml (100 fig/wl) c-erbB-2 ECD in 
PBS overnight at 20X and blocked with 2% milk powder in PBS for 2 h at 37*C. 1 ml 
of the phage solution (approximately 10^^ phage) was added to the tubes and incubated at 

20 20''C with tumbling on an over and under turntable for 2 h. Nonbinding phage were 

eliminated by sequential washing (15 times with PBS containing 0.05% Tween followed 
by 15 times with PBS). Binding phage were then eluted from the immunotubes by 
adding 1 ml of 100 mM triethylamine, incubating for 10 min at 20^C, tiansfiming the 
solution to a new tube, and neutralizing with 0.5 ml IM Tris HQ, PH 7.4. Half of the 

25 eluted phage solution was used to infect 10 ml of E.coU TQl (Gibson, T.J. (1984) 

Studies on the Epstdn-Barr virus gmome, Cambridge University Ph.D. thesis; Carter et 
al. (1985) Nucleic Adds Res., 13: 4431-4443) grown to an A«oo nm of 0.8-0.9. After 
incubation for 30 min at 37''C, bacteria were plated on TYE plates containing 100 fig/mL 
ampicillin and 1% glucose and grown overnight at 37**C. Phage were rescued and 

30 concentrated as described above and used for the next selection round. The selection 
process was repeated for a total of 5 rounds. 
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Screening for binders 

After each round of selection, 10 ml of E.cott HB2151 (Carter et al. 
(1985) Nucleic Adds Res. , 13: 4431-43) (A«, run - 0.8) were infected with 100 of 
die phage eluate in order to prepare sohible sFv. In Ihis strain, the amber codon 
betweoi the sFv gene and gene m is read as a stop codcm and native soluble sFv 
seoeted into the periplasm and media (Hoogenboom et al. (1991) Nucleic Adds Xes. 19: 
4133-4137). Single ampicillin resistant colonies were used to inoculate microtitre plate 
wdls containing 150 /d of 2 x TY containing 100 /tg/ml ampiriiiin and 0.1% glucose. 
The bacteria were grown to an A«x> nm - 1.0, and sPv expression induced by the 
addition of IPTO to a final concentration of 1 mM (De Bellis er a/. , (1990) Nucleic Adds 
Res., 18:1311). Bacteria were grown overnight at 30*C, the cells removed by 
centrifiigation, and the suponatant containing sFv used directiy. 

To screen for binding, 96-well microtiter plates (Falcon 3912) were coated 
overnight at 4»C with 10 /xg/ml c-erbB-2 ECD in PBS, blocked for 2 h at 37«C witii 2% 
milk powder in PBS, and incubated for 1.5 hours at 20'C witii.50 /tl of die E.coU 
supernatant containing sFv. Binding of soluble sFv to antigen was detected with a mouse 
monoclonal antibody (9E10) which recognizes die C-tenninal myc pqitide tag (Munio, S. 
et al., (1986) CeU, 46:291-300) and peroxidase conjugated anti-mouse Fc antibody 
(Sigma) using ABTS as substrate (Ward et al. (1989) Nature, 341: 544-546). The 
reaction was stopped after 30 min with NaF (3.2 mg/ml) and the A«o5 nm measured. 
Unique clones were identified by PGR fingeiprinting (Maries, J. D. et al., (1991) J. Mol. 
Biol., 222:581-597) and DNA sequencing. The specificity of each unique sPv was 
determined by ELISA performed as desdribed above witii wells coated with 10 ^gftt^^ of 
bovine serum albumin, hen egg white lysozyme, bovine glutamyltranspqitidase, c-abB-2 
ECD, VCS M13 (3.5 x 10«/ml) and casein (0.596). For ELBA with biotinylated 
c-eibB-2 ECD, microtiter plates (Inununolon 4, Dynatech) were coaled witti 50 /d 
immunopure avidin (Pierce; 10 /tg/ml in PBS) overnight at 4»C, blocked with 1% bovine 
serum albumin in PBS for 1 h at 37»C and incubated witfi 50 id biotinylated c-ert)B-2 
extiaceUular domain (5 /ig/ml) for 30 min at 20»C. To prqjare biotinylated antigen, 0.2 
ml c-ert>B-2 ECD (1 mg/ml in PBS) was incubated wiUi 0.5 mM NHS-LC-biotin (Pierce) 
overnight at 4'C and tiien purified on a presto desalting column (Pieroe). 
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Subcloning, expression and purification. 

To focilitate puiificatioii, the C6.S sFv gene was subcloned into the 
expression vector pUC119Sfi/NotHisniyc (Griffiths, et al. (1994) EMBO 13: 
3245-3260) which results in the addition of a hexa-histidine tag at the C-t»minal end of 
5 the sFv. Briefly, pHEN-1 vector DNA containing the C6.5 sFv DNA was prepared by 
alkaline lysis millq^, digested with Ncol and NotI, and the sFv DNA purified on a 
1.5% agarose gel. C6.5 sFv DNA was ligated into pUC119SfiiyNofIHismyc digested 
with Ncol and Not! and the legation mixture used to transform dectrocompetent E. coU 
HB2151. For expression, 200 ml of 2 x TY media containing 100 /ig/ml ampidllin and 

10 0.1% glucose was inoculated with £L a?/} HB2151 harixiring the 

pUC119Sfi]/NotIBlsmyc. The culture was grown at 37^C to an nm of 0.8, scduble 
sFv expressdon induced by the addition of IPTG to a final concraitration of 1 mM, and 
the culture grown al 30^C in a shako: flask overnight Single-^iain Fv was harvested 
. from the p^plasm using the following protocol. Cells were harvested by centrifiigatkm 

15 ilAXXXig for IS min, resuspended in 10 ml of ice cold 30 mM Tris-HCl pH 8.0, 1 mM 
HDTA, 20% sucrose, and incubated on ice for 20 min. The bacteria were pelleted by 
centrifiigation at 6000g for 15 min. and the "periplasmic fraction" cleared by 
coitrifiigation at 30,000g for 20 min. The supernatant was dialyzed overnight at 4^C 
against 8 L of IMAC loading buffer (30 mM sodium phosphate pH 7.5, 500 mM NaCl, 

20 20 mM imidazole) and then filtered through a 0.2 rmcron filter. 

The sFv was purified by IMAC. All stq>s woe performed at 4''C on a 
Perceptive Biosystems BIOCAD Sprint A column ccxitaining 2 ml of lA-NTA resin 
((2iagc»i) was washed with 20 ml IMAC column wash buffa (50 mM sodium phosphate 
pH 7.5, 500 mM Na^Q, 2.50 mM imidazole) and 20 ml of IMAC loading buffer. The 

25 periplasmic preparation was loaded onto the column by pump and the colunm washed 
sequentially with 50 ml IMAC loading buffer and 50 ml IMAC washing buffer (50 mM 
sodium phosphate pH 7.5, 500 mM NaCl, 23 mM imidazole). Protein was duted with 
2.5 ml IMAC elution buffer (50 mM sodium phosphate pH 7.5, 300 mM NaQ, 1(X) mM 
imidazole) and 4 ml fiactions collected. Protein was detected by absorbance at 280 nm 

30 and sFv typically duted between fractions 6 and 8. To rraiove dimeric and aggregated 
sFv, samples were concentrated to a volume < 1 ml in a Centricon 10 (Amicon) and 
fractionated on a Superdex 75 column using a running hxxSkx of HBS (10 mM Hq>es, 
150 mM NaCl, pH 7.4). The purity of the fiiud prqiaiation was evaluated by assaying an 
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aliquot by SDS-PGE. Protein bands were detected by Coomassie staining. The 
concoitration was detennined q)ectrpphotometiicaUy, assuming an A280 nin of 1.0 
conesponds to an sFv concentration of 0.7 mg/ml. 

5 ^^Sinity and kinetic measurements 

Hie of C6.S and 74IF8 sFv were detennined using stiz^ace plasmon 
resonance in a BIAoore (Pliannacia) and by Scatduud analysis. In a BlAooie flow cell, 
1400 xesonance units (RU) of c-eibB-2 BCD (25 ftg/ml in 10 mM sodium acetate, pH 
4.5) was coupled to a CMS sensor chip (Johnsson, B. et al., (1991) Anal. Biochem., 

10 198:268-277). Association and dissociation of C6.5 and 741F8 sFv (100 nM - 600 nM) 
were measured under continuous flow of 5 /tl/min. Rate constant }^ was determined 
from a plot of (In (dR/dt))/t vs concentration (Karlsson et al. (1991) /. Immunol. Meth., 
145: 229-240). Kate constant was detennined from the dissociation part of tiie 
seaisorgram at the highest concentration of sFv analyzed (Johnsson et al. (1991) Anal. 

15 Biochem., 198: 268-277). The of C6.5 was also determined by Scatchard analysis 
(Scatchard (1949) Armdl. N.Y. Acad. ScL, 51: 660). All assays were perfonned in 
triplicate. Briefly, 50 fig of radioiodinated sFv was added to 5 x 10^ SK-OV-3 cells in 
the presrace of increasing concentrations of unlabeled sFv from the same preparation. 
After a 30 minute incubation at 20°C, the samples were washed with PBS at 40*C and 

20 centrifuged at 500g. . The anrount of labded sFvb«>und to the cells was d^erminedby 
counting the pellets in a gamma counter and the K, and were «iiwiiat«vi using the 
EBDA program (V 2.0, G.A. McPherson, 1983). 

Radiolabeling 

25 The C6.5 sFv was labeled with radioiodine using the CT method 

(DeNaxdo et al. (198Q Nud. Med. BioL, 13: 303-310). Briefly, 1.0 mg of protein was 
combined with *^ (14-17 mCi/mg) (Amersham, Arlington Hoghts, IL), or ^^l (9.25 
mO/mg) (DuFont NES, Wilmington, DE) at an iodine to protein ratio of 1: 10. 10 ng 
of CT (Sigma, St. Louis, MO) was added per 100 ng of protdn and the resulting 

30 mixture was incubated for three minutes at room temperature. The reaction was 
quoiched by the addition of 10 ^g of sodium metabisulfite (Sigma) pex 100 ng of 
protdh. Unincoiporated radioiodine was separated from the labeled protdn by gel 
filtration using the G-50-80 centrifuged-column method (Adams a al. (1993) Cancer 
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Res. 53: 4026-4034). The final specific activity of the CT labelling was 1.4 mCi/mg for 
the "^I-C6.5 sFv and typically about 1.0 mCi/mg for the "^-C6.5 sFv. 

Quality Comrol 

5 The quality of the radiophannaceuticals was evaluated by HPLC, 

SDS-PAGE, and a live cdl binding assay as previously described (Adams et id. (1993) 
Cancer Res. 53: 4026-4034). The HPLC elution profiles from a Spherogd TSK-3000 
molecular sieving column consistently demonstmted that greater than 99% of the 
ladioactraty viraui assodated with die protein peak Gieatrar than 98% of the nonieduced 

10 ^-C6.5 sPv prqiaiations migrated on SDS-PAGE as a^raximately 26 protdns while 
the imaining activity migrated as a dimer. Theimmunoreactivity of the 
radiophan n ace uti cals was determined in a live cell binding assay utilizing c*erbB-2 
overexpressing SK-OV-3 ceUs (#HTB 77; American Type Culture Collection, RockviUe, 
MD) and c-eibB-2 negative GEM ceUs (#119; American Type Culture Collection) 

15 (Adams, G.P. et al., (1993) Cancer Res. 53:4026-4034). Live ceU binding assays 

revealed 49% of tiie activity associated with the positive cell pelleted less than 3% bound 
to the negative control cells; these results were lower than those ^ically seen with 
741F8 sFv (60-80% bound) (Adams et al., (1993) siq^ra.). 

20 CeU Surface Dissociation Studies 

Cell surfiEu» retention of biotinylated fonns of die sPv molecules were 
measured by incubating 2 /*g of eith» sFv with 2 x lO' SK-BR-3 cells (#HTB 30; 
American Type Culture Collection) in triplicate in 20 ml of FACS bu£Ier, with 0.01% 
azide for IS min at 4"C. The cells were washed twice with FACS buffer (4*C) and 

25 xesuapended in2 mlofFACSbuf&r. 0.5 ml of the cell suspension were removed and 
placed in three xpaaSt tubes for incubations under diffioing ccmditions; 0 min at 4"C, 
15 min at 37"C, and 30 min at 37'>C. After the incubations, the cells were oentrifiiged 
at 300g, the supenatants were removed, tiie cell pellets were washed 2x (4**^ and the 
degree of retention of sPv on the ceU sur£ace at 37"C (for 15 or 30 min) was compared 

30 to retention at 0 min at 4*C. 
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Biodisnibution and Radioimmwioimaging Studies 

Four to six week old C.BVJUa-scid mice were obtained from the Fox 
Chase Cancer Center Laboratory Animal Facility. 2.5 x 10* SK-OV-3 cells in log phase 
were implanted s.c. on the abdomens of the mice. After about 7 weeks the tumors had. 
achieved sizes of 100-200 mg and Lugol's solution was placed in the drinking water to 
bk>ck thyrmd accumulation of ladioiodine. Three days later, biodistribution studies were 
initiated. *^-C6.5 sFv was diluted in FBS to a eoncentxation of 0.2 mg/ml and each 
mouse was given 100 mL, containini^ /ig of ladiapharmacoitical, by tail vein 
Injecdon. Total injected doses were determined by counting each animal on a Series 30 
multichannel analyzer/probe system (probe model #2007, Canabena, Meridian, CT). 
Blood samples and whole body counts of the mice were obtained at regular intervals. 
Groups of 8 mice were sacrificed at 24 h afta iiqection and the tumors and organs 
removed, weighed and counted in a gamma counter to determine die %ID/g (Adams et 
al (1993) supra.; Adams et al. il992) Antibody Immunocory, and Badiopharm., 5: 
81-95). The mean and standard error of the mean (SBM) for each group of data were 
calculated, and T:0 ratios determined. Significance levels were determined nritig 
Studoits t-test. 

For die xadioimmunoimaging studies, tumor-bearing scid mice were 
injected with 100 /*g (100 /*1) of ">I-C6.5. At 24 hours after injection, the mice were 
euthanized by asphyxiation with CO, and images were acquired on a Piism lOOOXP 
gamma camera (Picker, Highland Heights. OH 44142). Preset acquisitions of lOQk 
counts were used. 
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After four rounds of selection, 9/190 clones analyzed by ELISA expressed 
sFv which bound c-erbB-2 ECD (EUSA signals greater than 0.4, 6 times higher than 
background). After five rounds of selection, 33/190 clones expressed c-eibB-2 binding 
5 sFv. PGR fingeiprinting of the 42 positive clones identified two unique restriction 

pattons and DNA sequencing of 6 clones firom each pattern revealed two unique human 
sFv sequences, C4.1 and C6.5 (Table 6). The Vh gene of C6.S is from the human VhS 
gene £unily» and the Vl gene £rom the human Vx family (Table 6). The V|. gene appears 
to be derived from two different germline genes (HUMLV122 and DFL S) suggesting the 
10 occunenoe of PGR crossover enable €). Hie Vh gene of C4.1 is from the human Vh3 

fiunily, and flie Vg. gene from the human Vx3 fiunily (Table 6). C4.1 and C6.S both 

bound c-eibB-2 q^fically, as determined by EUSA against the relevant antigen and a 

< • .- 

panel of irrelevant antigois. However, whm biotinylated c-eibB-2 ECD was bound to 
avidin coated plates and used in EUSA assays, the signal obtained with C6.S was 6 

IS times higha than obs^ed when c-abB-2 ECD was absorbed to polystyrme (LS vs 

0.2S). In contrast, C4.1 was not capable of binding to biotinylated c-erbB-2 ECD 
captured on avidin microtitre plates. Additionally, biotinylated and iodinated C6.5, but 
not C4.1, bound SK*BR-3 cells ovCTe9q>ressing c-erbB*2. These results indicate tiiat 
C6.5 binds the native c-^B-2 expressed on cells, but C4 binds a denatured epitope that 

20 appears when the antigen is adsort)ed to polystyrene. 

C6.S was purified in yidds of 10 mg/L ofE. cott grown in shake flasks 
and gel filtration analysis indicated a single peak of a^yproximately 27 JS^. The of 
purified C6.3 was determined using both surface plasmon resonance in a BIAcore and by 
Scatduuxl. The determined by BIAcore (1.6 x la* M) agreed dosdy to the value 

25 detomined by Scatchaid (2.0 x 10^ M) (Table 7). Kinetic analysis by BIAcore indicated 

that C6.S had a rapid on-rate (k« 4.0 x lO^'^s'^) and a rapid off-rate (k^ 6.3 x 10^^^) 
(Table 2). Cell retmtion assay confirmed that C6.S dissociated r^idly from tiie cdl 
surface (T^le 2). 

After injection of *^I-C6.5 into sdd mice bearing SK-OV-3 tumors, 1.47% 
30 ID/gm of tumor was retained zfta 24 hours (Table 7). Tumonnormal organ values 

ranged from 8.9 (tumonkidney) to 283 (tumonmuscle). These values were higher ttian 
values observed for 741F8 sFv, produced from a murine monoclonal antibody (K^ = 2.6 
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X 10^ M. The high T:0 ratios resulted in the highly specific visualization of the tumor 
by gamma scintigraphy using ^^^I-labelled C6.5. 

Table 7. Characterization of anti-cerbB-2 sFv species. Characteristics of the murine 
anti-c-a1>B-2 sFv, 741F8, and the human sFv C6.5 are compared. The affinity and 
dissociation constants were determined by Scatchard plot analysis, unless otherwise 
stated. Dissociation from c-eibB-2 positive (SK-OV-3) cells was measured in an in vitro 
live cell assay. The percmtage of injected dose per gram (%ID/g) tumor M and tumor 
to organ ratios were determined in biodistribution studies performed in sqnrate groups 
of sdd mice (n— 10-14) bearing SK-OV-3 tumors overe^qiressing c-eibB-2. SEM are < 
3S% of the associated values a = signiiicantiy unproved (p<O.OS) compared to 741F8 
sFv. 



Parameter 


741F8 


C6.5 


(BIAcore) 


2.6xlO^M 


1.6xlO^M 


(Scatchard) 


5,4xlO^M 


2.1xia*M 


k;BD (BIAcore) 


2.4x10*1^-^* 


4.0xlO»M^V» 


kctf (BIAcore) 


6.4X10-V 


e.SxlO'r' 


QSl aefin^vQ^A^ m«g5ri* Mail gupfla^*^ a4 1 ^ 






% associated with cell surfoce at IS min 


8.6% 


, 22.2% 


%ID/g Tumor 


0.8 


10 


T:Blood 


14.7 


22.9 


TrKidney 


2.8 


S.6a 


TiLiver 


14.2 


22.3 


T:Spleoi 


10.3 


34.1 


T:Ihtestine 


25.0 


29.7 


T:Lung 


9.4 


1S.8 


T:Stomach 


8.9 


11.1 


TrMusde 


78.8 


158.7 


T:Bone 


30.0 


102.7 
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ISOtetion of High Affinhv Monomeric Hiim»« AntH;erb-2 Rin^U, C hflin TV 

Aflinitv Driven Si>liH»rinn 

Kra»«^iil^ find Methods 

Construaion t^hetny chain sJtt0ed Bbmries 

To fiadlitate heavy chain shuffling, libiazies were constructed in pHEN-1 
(Hoogenboom et al. (1991) Nucleic Adds Res. 19. 4133-4137) containing human Vh 

gene xqtolQires (FRl to FR3) and a cloning site at the end of Vh for inserti^ 
Vh CDR3, Vh FR4, linker DNA and light chain ftom binding sFv as a BssHn-Notl 
ixagment. To create the libraries three Vh gene repertoires enriched for human VhI, 
Vh3, and Vh5 gene were ampUfied by PCR using as a template single stranded DNA 
prepared ftom a 1.8 x 10» member sFv phage antibody Ubrary pHEN-1 (Marks et al. 
(1991) 7. Mol. Biol 222: 581-597). For PCR, 50 /d reactions woe prq»ared containing 
10 ng template, 25 pmol back primer (LMB3), 25 pmol forward primer (PVhIFORI, 
PVh3FOR1, or PV„5FORl), 250 uM-dNTPs, 1 mM MgCl,, and 0.5 ^ (2 units) Taq 
DNA polymerase (Promega) in the manufecturer's buffer. Primeis PV„lForl, 
PV„3Forl, and PV^SForl were designed to anneal to the consensus VhI, V„3, or, VgS 
3* FR3 sequence respectively (Tomlinson et al. (1992) J. Mol. Biol. 227, 776-798; see 
Table 18). The reaction mixture was subjected to 25 cycles of amplification (94'C for 
30 sec, 55 for 30 sec and 72 "C for 30 sec) using a Hybaid OmniGene cycler. The 
products were gel purified, isolated ftom the gd using DEAE membranes, eluted ftom 
the membranes with high salt buffer, ethanol preapitatBd, and resuspended in 20 ^ of 
water (Sambrook et al. (1990)). 

The DNA ftagments ftom the first PCR were used as templates for a 
second PC» to introduce a BssHH site at the 3'^ of FR3 followed by a NotI site. TTie 
BssHn site corresponds to amino add residue 93 and 94 (Kabat numbering (Kabatetal 
(1987) Sequences ttf proteins qf immunological interest, 4th ed.. US Department of 
Health and Human Services. PubUc Health Service, Bethesda, MD; see. Table 5 in this 
reference) does not change the amino add sequence (alanine-arginine). PCR was 
performed as described above using 200 ng purified first PCR product as template and 
the bade primers PVHlFor2,PVH3For2, and PVH5For2. The PCR products were 
purified by extraction with phenol/chloroform, predpitated with ethanol, resuspended in 
50 id water and 5 ftg digested with NotI and Ncol. The digested ftagments were gd 
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puiified and each Vh gene rqiertoire ligated separately into pHEN-1 (Hoogoiboom et al. 
1991 supra.) digested with NotI and Ncol. The ligation mix was puiified by extraction 
with phenol/chlorofonn, ethanol precipitated, Tesuq)ended in 20 /U water, and 2.5 id 
samples dectroporated (Dower et al. (1988) Nuddc Adds Res. 16. 6127-6145) into 50 
fd E. cott TGI (GU)son et al (1984) Ph.D. Thesis, University of Cambridge). Cdls 
were grown in 1 ml SOC (Sambrook et al. 1990) for 3 min and thai plated cm TYE 
(MSller (1972) Experments in Molecular Genetics CoU Springs Harbor Lab Press, Cold 
Springs Harbor, New York) media containing 100 /ig ampicillin/nil and 1 % (w/v) 
glucose (TYE-AMP-CHJU). Colonies were scrs^ off the plates into 5 nd of 2 x TY 
brodi QkGller (1972), siqtra) containing 100 ng amindllin/ml, 1% glucose Q x 
TY-AMP-GLU) and 15 (v/v) glycend for storage at -TO'C. The doning e£Rdaicy and 
diversity , of the libraries were determined by PCR screening (Gussow and Clackson ~ 
(1989) Nucleic Adds Res. 17, 4000) as described (Marks et al. (1991), supra). The 
resulting phage libraries wm termed pHEN-l-VHlrqt, pHEN-l-Vii3rq» and 
pHEN-l-V^rep. 

Three separate C6.5 heavy chain shuffled phage antibody libraries were 
made from the pHEN-1-VHlrq), pHEN-l-VH3rep, and pHEN-l-VH5rep phage libraries. 
The C6.5 light chain gene, linker DNA, and Vh CDR and FR4 were amplified by PCR 
from pHEN-l-C6.5 plasmid DNA using the primm PC6VLlBack and fdSEQl. The 
PCR reaction mixtures were digested with BssHn and NotI and li g^t?^ 
inlpHEN-l-V„lrq», pHEN-l-V„3rq), and pHEN-l-VHSrep digested with Nbtl and 
BssHn. TransfiormatiQn and creaticm of library stocks was as described above. 

(kmstrucOon (if dudnsilttffled libraries 

To fad l it ate light diain shufXling, a library was cmstructed in PHEN-1 
ccmtaining human and goie repertoires, linker DNA, and cloning sites for 
inserting a Vh gene as an NooI^XhoI fiagment. An Xbd can be encoded at the end of 
FR4 without changing the amino acid sequence of residues 102 and 103 (serine-serine) 
(Kabat er ai. Sequences qf proteins qfimnumological interest, 4di ed. U.S. Dept. Health 
and Human Services, Public Health Services, Bediesda, MD (1987)). To create the 
fibrary, a V^ and V^ gene repertoire was amplified by PCR from a 1.8 x 10* member sFv 
phage antibody library in pHEN-1 (Marks et aL (1991), si^ra). PCR was performed as 
described above using 10 ng template, 25 pmol Back primer (RJHl/2/6Xho, RJH3Xho, 
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oRJH4/5Xho) and 25 pmol forward primer (fdSEQl). The back primers were designed 
to anneal to the first 6 nucleotides of the (G4S) linker and either the J„l, 2, 6, J„3, or Jh 
4,5 segments respectively. The PGR reaction mixture was purified as described above, 
digested with Xhol and Nott, gel purified and ligated into pHEN-V^SSl (Hoogenboom 
and Winter (1992) J. Mol. Biol 227, 381-388) digested with Xhol and Notl. 
Transformation of E. coU, TGI , PGR screening, and creation of library stocks was as 
described above. The resulting phage library was termed pHEN-l-V^rcp. 

The light chain shuffled idiage antibody library was made for 
pHEN-l-Virq>. The C6.5 Vh gene was amplified by PGR fiom pHEN-l-C6.5 plasmid 
DNA using the primers PCeVHlFor and LMB3. The PGR reactionmixture was 
purified, digested with Xhol and Ncol, gel purified and ligated into pHEN-1-Vi.rep 
digested with Xho and Ncol. Transformation of E. cott TGI , PGR screening, and 
creation of library stocks was as described above. 

Construction ofsFv comaitung highest tffinity V„ and gene obtained by chain 
scuffling 

Two new sFv were made by combining the V,, gene of the highest affinity 
light chain shuffled sFv (C6L1) with the Vh gene of the highest affinity heavy chain 
shuffled sFv (C6H1 or CdH2). The C6L1 plasmid was digested with Ncol and Xhol to 
remove the C6.5 Vh gene and gel purified. The Vh gene of G6H1 or C6H2 was 
amplified by PGR using the primers LMB3 and PG6VHlFor, digested with Ncol and 
Xhol and ligated into the previously digested C6L1 vector. Gkmes were screened ibr the 
presence of the correct insert by PGR fingerprinting and confirmed by DNA sequendng. 

Pn^Muuiion of phage 

To rescue phagemid particles from the libraries, 10 ml of 2 
TY-AMP-GLU were inoculated with an appropriate volume of bacteria (approximatdy 
50 to 100 Ml) from the Ubrary stocks to give an Amo of 0.3 to 0.5 and grown for 30 min, 
shaking at ST^G. About 1 x 10»* plaque-formiog units of yGS-M13 (Stratagene) 
paxtides were added and the mixture incubated at 37"C for 30 min without shaking 
followed by incubation at 37"G for 30 min with shaking. Cells were spun down, 
xesuspended in 50 ml 2 x TY broth containing 100 /tg ampidllin/ml and 50 
kanamydn/ml (2 x TY-AMP-KAN). and grown overnight, shaking at TS'C. Phage 
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particles were purified and concentrated by two PEG-precipitations (Sambrook etal.y 
1990), resuspeQded in S ml phosphate buffered saline (25 mM NaH2P04, 125 mM NaCl, 
pH 7.0, PBS) and filtered through a 0.45 u filter. The phage prq>aration consistmtly 
resulted in a titre of approximat^y 10^^ transducing units/ml ampicillin-reastant clones. 

Selection of phage antibody libraries 

The light dudn shuffled library was selected using immunotubes (Nunc; 
Maxisorb) coated widi 2 ml c-erbB-2 ECD (25 Mg/ml) in ovemight at room 
temperature (Marks era/. (1991) Jifp/tt). Tte tube was blocked for 1 h at ST'^C with 2% 
skimmed milk powd^ in PBS Q.% MPBS) and the sdecdon, washing, and dution were 
performed as described (Marks et al. (1991), si^fra) using phage at a concentration of 
5.0 X lO^Vml. One third of the eluted phage was used to infect 1 ml log phase E. coli 
TGI, which were plated on TYE-AMP-GLU plates and described above. The 
xesiwe^ielection-plating cycle was repeated 3 times, after which clones were analyzed for 
binding by EUSA. 

All libraries were also selected using biotinylated c-eibB-2 ECD and 
str^tavidin-coated paramagnetic beads as described (Hawkin et al. (1992) 7. Mol. Biol 
226, 889-896) with some modifications. To prqiare biotinylated antigra, 0.2 ml 
c-erbB-2 ECD (1 mg/ml) was incubated with 5 mM NHS-LC-Biotin (Pierce) ovemight at 
4*'C and then purified on a presto desalting column. For each round of selection, 1 ml 
of phage (approximately 10" t.u.) were mixed with 1 ml PBS containing 4% skimmed 
milk powdn, 0.05% Tweoi 20, and biotinylated c-abB-2 ECD, Affinity-driven 
sbdections were performed by decreasing the amount of biotinylated c-erbB-2 ECD used 
for selection. Two selection schemes were used. 

In selection sdieme 1 (SI) antigen concmtrations of IQnM, 50 nM, 10 
nM, and 1 nM wece used for selection rounds 1, 2, 3, and 4 respectively. In selection 
scheme 2 (S2) antigen concentrations of 40 nM, 1 nM, 100 pM, and 10 pM were used 
for sdection rounds 1, 2, 3, and 4 respectively. The mixture of phage and antigm was 
genfly rotated on an under-and-ov»-tumtable for 1 hour at room temperature. To 
capture phage binding biotinylated antigen, stn^tavidin coated KQ80 magnetic beads 
(Dynabeads, Dynal) were blocked with 2% MPBS for 1 h at 37*'C, and tiien added to the 
mixture of phage and antigra. In SI, 200 (round 1), 100 fd (round 2) or 50 il\ 
(rounds 3 and 4) of beads were incubated with the phage-antigen mixture for 15 min. 
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rotating on an under-and-over-tumtable at room temperature. In S2, 100 fd (round 1) or 
50 /il (rounds 2, 3, and 4) of beads were incubated with the phage-antigen mixture for 15 
min (round 1), 10 min (round 2), or 5 min (rounds 3 and 4). After capture of phage, 
Dynabeads were washed a total of 10 times (3 x PBS containing 0.05% Tween 20 
5 (TPBS), 2 X TPBS containing 2% skimmed milk powder, x PBS, 1 x 2%MPBS, and 2 x 

PBS) using a Dynal magnetic particle omcaitFator. The Dynabeads were xesuspended in 
1 ml PBS, and 300 id were used to infect 10 ml log phase R coU TGI whidi were 
plated on TYE-AMP-CO^U plates. 

10 Mtial sFv dutracierization 

Initial analysis of chain shuffled sFv clones for binding tc-etbB-2 was 
poformed by EUSA using bacterial supernatant containing expressed sFv. Expression 
of sFv (De Bellis and Schwartz (1990) Nucldc Acids Res, 18, 131 1) was performed in 
96 weU microtitre {dates as described (Marks et al. (1991), supra) with the following 

15 exoqMian. After overnight growth and expression at 30*C, 50 /d 0.5% Tween 20 was 

added to each weU and the plates incubated for 4 h at 37*C with shaking to induce 
bacterial lysis and increase the concentration of sFv in the bacterial supernatant. For 

selection performed on Immunotubes, ELISA plates (Falcon 3912) woe incubated with 
c-erbB-ECD (2.5 ng/nd) in PBS at 4''C overnight. For selections parformed with 

20 biotinylated protein, Immunolon 4 plates (Dynatech) were incubated overnight at 4'C 

with Immunopure avidin (10 /xg/ml in PBS; Pierce). After washing 3 times with PBS to 
remove unbound avidin, wdls were incubated with biotinylated c-erbB-2 ECD as in 
Example 1. In both cases, binding of sFv to c-eri>B-2 ECD was detected with the mouse 
monoclonal antibody 9E10 (1 /tg/ml), which recognizes tiie C-teiminal pqitide tag 

25 (»4«nro and Pdham (1986). CW/ 46, 291-300) and peioxidase-conjugatedan^^ 

antibody (Sigma), as described (Marks a al. , 1991, supra). Selected binders were 
iiiitiier characterized by sequencing of tiie Vh and genes (Sanger et al. (1977) Proc. 
Natl Acad. Sci. USA. 74: 5463-5467). Sequence data has been deposited wifli ttie 
OenBank Data libraiy. 

30 Screening of sFv for relative affinity was performed essentially as 

described (Friguet et al. (1985) J. Immunol. Meth. 77: 305-319). Immunolon 4 ELISA 
plates (Dynatech) were coated with avidin in PBS (10 ng/ml) at 4*C overnight. 
Biotinylated c-eibB-2 ECD (5 /tg/ml) was added to tiie wells and incubated for 30 min at 
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loom temperature. Bacterial supernatant containing sFv was incubated with varying 
concentrations of c-erbB-2 (0 to 100 nM) at 4°C for 1 h. The amount of free sFv was 
then determined by transferring 100 nl of each mixture into the wells of the previously 
picpaied ELISA plate and incubating for Ih at 4'*C. Binding of sFv was detected as 
5 nada ELISA screoiing and the ICSO calculated as described (Fxiguet et al. (1985), 

Screening of sFv by dissociation tale constant 0^ was performed using 
xeal-time biospediic intecactimi analyas based oa surface plasmon resonance (SPR) in a 
BIAcore (Phannada)/ lypicalty 24 ELISA positive dones from each of the fi^ 

10 rounds of sdectifm were screened. A 10 ml culture of £1 coff TGI containing the 

ap pr opri ate phagemid was grown and eaqsession of sFv induced with IPTG (De Bellis 
and Schwartz, 1990). Cultures were grown overnight at 2S°C, sFv harvested from the 
periplasm (Breitling et al. (1991) Gene 104, 147-153), and the periplasmic fraction 
dialyzed for 24 h against HEPES buffered saline (10 mM Hepes, 150 mM NaCl, pH 7.4, 

15 HBS). In a BIAcore flow cell, approximately 1400 resonance units (RU) of c-eibB-ECD 

(25 Mg/ml) in 10 mM acetate buffer pH 4.5 were coupled to a CM5 sensor chip 
(Tohnsson et al. (1991) Anal. Biodtem. 198, 268-277). Association and dissodaticm of 
undiluted sFv in the paiplasmic fraction was measured undo* a constant flow of 5 
fd/min. An apparent dissociation rate constant was determined from the 

20 dissodation part of the sensorgram for each sFv analyzed (Karlsscm et al. (1991) J. 

Immunol. Methods 145, 229-240). Typically 30 to 40 samples were measured during a 
single BIAcore run, with C6.5 periplasmic piepaiatiims analyzed as the first and final 
samples to ensure stability during the nin. Hie flow cell was n^omated between 
samples using 2.6 M MgQ, in 10 mM glydne, pH 9.5 without significant change in the 

25 sensorgram baseline after analysis of more tiian 100 sanq»les. 

Subdoning, e3g}ression and pw^icatim ttfSngle-chain Fv. 

To fiu»litate purificaticm, shuffled sFv goies were subdoned (Example 1) 
into the eiqnession vector pUCllSfi-Notmydffis, w^uch results in the addition of a 
30 hexa-hi^dinetagattiieC-terminaloidof tiie al^r. 200 nd cultures of £.a>/i TGI 
harboring one of tiie C6.5 mutant phagemids woe grown, repression of sFv induced 
witii IPTG (De Bdlis and Schwartz (1990), supra) and the culture grown at 25'C 
overnight Single-chain Fv was harvested from the periplasm (Brdtling et al. (1991), 
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siq>ra) dialyzed overnight at 4**C against 8 L of IMAC loading buffer (50 mM sodium 
phosphate, pH 7.5, 500 mNaO, 20 mM imidazole) and then filtered through a 0.2 
micron filter. 

Single-chain Fv was purified by immobilized metal affinity 
chromatography (IMAC) (HochuU et al. (1988) Bio/Technology, 6, 1321-1325) as 
described in Example 1. To remove dimoic and aggregated sFv, samples were 
concentrated to a volume < 1 ml in a Centricon 10 (Amioon) and fractionated on a 
Superdex 75 ccflumn using a running buffer of HBS. The purity of the final prq»aration 
was evaluated by assaying an aliquot by SDS-PAGE. Protein bands were detected by 
Coomassie staining. The concentration was determined qwctipphotometrically assuming 
an Aato tun of 1.0 corresponds to an sFv concentration of 0.7 mg/ml. 

Measurement oftffimfy, kinetics, and cell surface retention 

The Kd of light chain shuffled C6.5 mutants isolated from phage selection 
using Immunotubes (Nunc) were determined by Scaichard analysis. All assays were 
performed in triplicate. Briefly, 50 mg of radioiodinated sFv was added to 5 x 10* 
SK-OV-cells in the presence of increasing concoitrations of unlabeled sFv ftom the same 
preparation. Aft» a 30 minute incubation at 20*'C, the samples were washed with PBS 
at 4*C and centrifiiged at 500g. The amount of labeled sFv bound to the cells was 
determined by counting the pdlets in a gamma ccunto^ and die K, and K« weic ftaiMiinfynf 
using the EBDA program (V 2.0, G. A. McPherson. 1983). The of all the other 
isolated sFv w«b determined using surface plasmon resonance in a BIAcote (Pharmacia). 
In a BIAcore flow cell, SQjproximatBly 1400 resonance units (RU) of c-eibB-2 ECD (25 
^tg/ml in 10 mM sodium acetate. pH 4.5) was coupled to a CMS sensor chip (Johnsson 
et al. (1991), stgfra). Association and dissooation-rates were measured under continuous 
flow of 5 ml/min using a concoitration range from SO to 800 nM. Rate constant k„ was 
determined from a plot of (l(dR/dt))/t vs concentration (Karlsson et al. (1991), supra). 
Rate constant was determined from the dissociation part of the soisotgram at the 
highest concentration of sFv analyzed. Cdl surface retention of C6.5 and C6L1 was 
(tormined as described in Example 1. 
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Modeling of location qf mutations 

The location of mutations in shuffled sFv was modeled on the structure of 
the Fab KOL (Maiquart et al. (1980) J. M61 Biol. 141, 369-391) using Madmdad vS.O 
(Molecular Applications Group, Palo Alto, CK) running on an Apple A^u^tosh Quadia 
5 650. 

Results 

Consmiction (tfshitB^ phage antibody Ubraries 

To fiudl^ate heavy diain shuffling, libnuies woe ccmstructed in pHEN-1 

10 (Hoogehboom «r al. (1991), supra) containing human Vh gene rqiertcrires (FRl to FR3) 

and cloning sites for inserting the CDR3FR4, single chain linker, and light rfwii 
goie fhmi a bindmg sFV as a BssHn-Nqa fragment. Three heavy chain shuffling 
Hbiaxies were created (pHEN-l-V„lrq), pHEN-l-VH3rq>, and pHEN-l-VnSrq)), each 
eancbed for VhI, Vi^, or VhS genes by using PCR primers designed to anneal to the 

15 consensus sequoice of the 3' end of V„l, Vh3, or VhFR3 (Tomlinson et al. (1992), 

supra). TTiese primers also introduced a BssHH site at the end of FR3, without changing 
the amino add sequence typically observed at these residues. libraries of 5.0 x 10* 
clones for pHEN-l-V„lrep, 1.0 x 10« clones for pHEN-l-VH3rq) and 1.5 x 10* dones 
for pHEN-l-VH5rq> were obtained. Analysis of 50 clones from each library indicated 

20 that greater than 80% of the clones had inserts, and the libraries woe divose as shown 

by the BstNI restriction pattern (Marks et al. (1991), supra). Three heavy chain shuffled 
libraries were made by cloning the C6.5 Vh CDR3, FR4, linker, and light chain genes 
into tiie previously created VhI. V^, or VhS repotoire using the BssHII and Nod 
restriction ates. After transfonnation, libraries of 1.0-2.0 x 10^ dones were obtained. 

25 PCR screening revealed that 100% of dones analyzed had full length insert and diverse 

BstNI restriction pattern. Prior to selection, 20^ dones sdected at random from the 
Vh5 library expressed sFv which bomid c-eibB-2r 0/92 dones selected at random from 
the Vgl or Vh rqpotoire oqiressed sFv whidi bound c-erbB-2. 

To fa cili t a t e light diain ahufOing, a library was ccmstructed in pHEN-1 

30 containing human V^ and V, gene rqiertoires, single chain Uaker DNA, and doning sites 

for insoting the Vh gcac fipom binding sFv as an Ncol-Xhol fragment. Tlie resulting 
library (pBEN-l-\fep) ccmasted of 4.5 x 10^ dones. PCR screenmg revealed that 95% 
of clones analyzed had full length insert and a divose BstNI restriction pattern. A light 
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Chain shufOed libxaiy was made by cloning the C6.5 V„ gene into pHEN-l-V,rcp. After 
transfonnation a Kbiaiy of 2.0 x clones was obtained. PGR screening revealed that 
100% of clones analyzed had full length insert and a diverse BstNI restriction pattern. 
Prior to selection, 0/92 clones selected at random expressed sFv which bound c-erbB-2. 



Isoliation and characterization of higher tsffinity Ught chain shiiffled scF 

In a first approach to increase affinity, c-eibB-2 ECD coated polystyrene 
tubes were used for selecting the light chain shuffled library. Phage were subjected to 
three rounds of tiie rescue-sdection-infiBction cycle. One hundred and oghty clones from 

the 2nd and the 3rd round of sdection were analyzed fin- binding to recombinant 
c-erbB-2 ECD by EUSA. After the 3rd round of sdection, greater than 50% of the 
(dones were positive by ELISA (Table 8). 

TJ)le 8. Frequency of binding sFv and percent of binding sPv with slower k-, than 

C6.5. binding was determined by EUSA. Rate constant k;^ was determined by BIAcore 
on unnunfied sFv in bacterial iv>rinl9«m ^ 



libraiy and method of selection 


ELISA 
Round of Selection 


sFv with sUmei 
tium C6.5 (parmtal 
sPv) 

Round of Selection 


2 


3 


4 


2 


3 


4 


Vi.-shufniiig, selected on: 
antigen coated immunotiibes 


41/180 


97/180 


ND 


ND 


ND 


ND 


soluble antigen (rd 1, 100 nM; rd 2, 
50 nM; rd 3 10 nM; rd 4, 1 nM). 


74/90 


22/90 


13/90 


ND 


0% 


42% 


soluble antigen (rd 1, 40 nM; rd 2, 1 
nM; rd 3, 0.1 nM; rd 4. 0.01 nM) 


ND 


65/90 


62/90 


ND 


25 
% 


84% 


Va-^ufining, selected on: 

soluble antigen; (rd 1, 100 nM; rd 2, 
50 nM; rd 3, 10 nM; rd 4, 1 nM) 


ND 


43/90 


56/90 


ND 


0% 


0% 


soluble antigen (rd 1, 40 nM; rd 2, 1 
nM; rd 3, 0.1 nM; rd 4, 0.01 nM) 

rd=rouna. nu— not <letenninml nM=^1 r 


ND 

w l/H) w' 


90/90 


82/90 


ND 


0% 


12% 
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Table 9. IC50 and of C6.SsFv and 4 chain shuffled mutant sFvs. IC50 was 
detennined by competition ELISA and by Scatchard after radioiodination. 



sFv 


TP,, nun 




C6.5 


2.0 X ia» 


2.0x10* 


C6VLB 


1.0 X 10* 


3.0 X 10* 


C6VLD 


5.8 X 10* 


2.6 X 10* 


C6VLE 


2.8xlO> 


7.1 X 10* 


C6VLF 


7.5 X 10* 


7,9 X 10* 
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Positive clones were ranked by IC50 as detennined by competition HLISA 
(Table 9). Sixteen sFv witii IC50S less than the IC50 of the paraital sfv were sequmced 
and four unique DNA sequences identified (Table 10). These clones were purified by 
IMAC after subcloning into PUC119SFI/NotmycHis, and the affinity detennined by 
5 Scatchard analysis. 

Despite their lower ICsc^, none of these 4 sfv had a high« affinity for 
c*abB-2 (Table 9). Gd filtration anal3rsis of tiie four purified sfv demonstrated the 
presmce of two species, with sizg.consistent for mcmoineric and dimmc sfv. In 
contrast, the parental sFv existed only as monomer. 

10 As a result of these observations, it was hypothesized that selection on 

immobilized antigen favored the isolaticm of lower affinity dimeiic sFv which could 
achieve a higher apparent affinity due to avidity. In addition, determination of IC50 by 
inhibition ELISA using native sFv in periplasm did not successfully screra for sFv of 
higher affinity. To avoid the selection of lower affinity dimeric sFv, subsequent 

IS selections were performed in solution by incubating the phage with biotinylated c-erbB-2 

ECD, followed by capture on strq>tavidin coated magnetic beads. To select phage on the 
basis of affixuty, the antigen concentration was reduced each round of selection to below 
the range of tiie desired sFv (Hawkins et al. (1992), 5i(pra). To scre«i EUSA 
positive sFv for improved binding to c-a*B-2, a BIAcore was used. Periplasm 

20 prqparations containing unpurified native sFv can be applied directiy to a c-erbB-2 coated 

BIAcore flow cell, and the detomined fiom the dissociation portion of the 
SCTSorgram. This p^mitted ranking the chain shuffied clones by Ktf. Moreover, by 
plotting In (Rn/Ko) vs t, the presence of multiple k«ir can be detected, indicating the 
presence of mixtures of monomeric and dimeric sFv. This strategy of selecting on 

25 antigm in solution, followed by BIAcore screraing of EUSA positive sFv, was used to 

isolate highn affiiuty diain shuffle mutants. 

The light chain shuffled library was subjected to four rounds of selection 
on debasing soluble antigra concentration (100 Nm, SO Nm, 10 Nm, and, 1 Nm). In a 
separate set of experiments, the 4 rounds of selection were performed wdng 40 nM, 1 

30 nM, 0.1 nM, and 0.01 nM antigen concmtration. Using the higlm set of antigen 

conoratrations for selection, 13/90 clones were positive for c-erbB-binding by EUSA 
after the 4th round of selection. In the BIAcore, 42% of these clones had a slower 
tiian the parental sFv. Using the Iowa set of antigen concentrations for selection, more 
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dones were positive for c-ert>B-2 binding by BUS A (62/90) after the 4th round of 
selection, and 84% had a slower 1;^ than the parental sFv. Sequencing of the gene of 
ten of these sFv revealed one unique sFv (C6L1) (Table 10). The Vx gene of C6L1 was 
derived from the same gemUine gene as the parmtal sFv, but had 9 anuno acid 
substitutions. The C6L1 gene was subdoned and the sFv purified by IMAC and gel 
filtration. C6L1 sFv was monomeric as determined by gel filtration and had an affinity 6 
tim^ higher than parental (Table 11). The increased affinity was due to both a &sta 
and a slower (Table 11). Hie slower k;„ was «MociatPri with a three fold increase in 
tiie retention of sFv on tiie suifiice of SK-OV-3 cells (28% at 30 minutes for C6L1 
compared to 10% at 3 minutes for tiie parmtal sFV). 

Table 11. Affinities and binding kinetics of c-eibB-2 binding Single-chain Fv, K^, 

antJ Kk were determined by surface plasmon resonance in a BIAcore. Combined Sinele- 



fl sFv source and done nan» 


Kd(M) 


Km (M-V») 


Kif (M-'s-») 


0 Parental C6.S 


1.6 X 10* 


4.0 X 10* 


6.3 X 10^ 


Light Chain Shuffled C6L 


2.6 X 10* 


7.8 X 10» 


2.0 X 10» 


Heavy Chain Shuffled 

C6H1 

C6H2 


5.9 X ia» 
3.1 X 10» 


1.1 X 10* 
8.4 X lO' 


6.2 X lO' 
2.6 X lO' 


Combined sFv 

C6H1L1 

C6H2L1 


1.5 X 10* 
6.0 X 10* 


4.1 X 10^ 
3.0 X la' 


6.2 X 10^ 
1.8 X 10-' 



Isolation and characterization of higher (ffiruty heavy chain shifted 5<f. 

The Vh5 heavy chain shuffled library was subjected to four rounds of 
sdection on decreasing soluble antigen concentration (100 Nm, 5nM, 10 Nm, and, 1 
Nm). In a separate set of experiments, tiie rounds of sdection were performed using 40 
Nm, 1 Nm, 0.1 Nm, and 0.01 Nm antigen concentration. Using tiie higher set of 
antigen concentrations for selection, 56/90 clones were positive for c-crbB-Wnding by 
EUSA after tiie 4tii round of sdection. None of tfiese dones, however, had a slower k^, 
tiian tiie parental sFv. Using tiie lower set of antigen concentrations for sdection, more 
clones were positive for c-erbB-2 binding by ELISA (82/90) after tiie 4tii round of 
selection, and 12% had a slower tiian tiie parental sFv. No binders were isolated 
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ftom either the VhI or Vh3 shuffled libraries. Sequencing of the V„ gene of all slower 
k;^ clones revealed two unique sFv, C6H1 and C6H2 (Table 12). The Vh genes of 
C6H1 and C6R2 were derived from the same germline gene as the paraital sFv, but 
differed by 7 and 9 amino adds le^ectively. C6H1 also had a stop codon in the heavy 
chain CDRl and was expressed as a PHI fusion due to read tibiough, albdt at very low 
levds. The two sFv were subdoned and purified by IMAC and gel filtration. Both sPv 
were monometic as determined by gel filtration CfiHl had 3 fold higher affinity fior 
c-eibB-2 than C6.S and CflH2 had S fidd lugher affinity than C6.S (Malt 11). The 
increased afBnity of C6H(S.9 x 10* was due to a fasta k;., whereas the increased 
affinity of CfiH2 (3.1 x 10* M) was due to both a &ster and slower le^ (Table 11). 

Location if nmatUms in_ chain singled stf 

Mutations in diain shuffled sFv wore modeled on the Fv fragmoit of the 
immunoglobulin KOL (Kfaiquart et al. (1980), supra) (Figuxes 2 and 3). KOL was 
selected as the model because it has a Vx gene derived from the same fiumly as 
and a Vh gme with the same length CDR2. Mu^ons in higher affinity sFv wore located 
both in surface re^dues at the antigen combining site, as well as leadues located iar 
from the binding site (Figure 2). Except for two conservative mutations in Vh 
framework 3 (V89M and F91Y), no mutations were located in residues which form the 
two 5 stranded B-sheets that form the Vh-V^ interface (Chothia et al. (1985) J. Mol 
Biol. 186, 651-663) (figure 2 and Tables 10 and 12). In contrast, all 4 light chain 
shuffled sFv which formed mixtures of monomer and dimer had mutations in residues 
which formed the B-sheet that packs oii the Vh domain (Table 4 and Figure 3). 



.9700271A1J_> 



wo 97/00271 



PCTAJS96/10287 



75 



I 



I 

"8 



Vk-C 

O 

8 



S 

& 
•i 



I 



I 



I 



s 

8 



S! 



eg 

i 



I 



2 « 
3§ ^ 



8 8 
8 



I 



til 1 • • • • 

o o 1 o o o e o 
» • 1 1 • • « • 


e e a a o o 


• • lU ■ • t • • 

^ mU * M. — i ^ U. 
1 I 1 • • 1 1 « 

1 ■ • • t 1 t 1 
1 • 1 • • • 1 • 
■ 1 1 1 t • 1 I 


Jj ^ ^ 


• • 1 • • • 1 • 

• • 1 a ■ • I • 

• 1 1 

• ••••■II 
■ • I • OC • • 1 
•-••■••tt 

• •••••li 


1 i 1 1 ttC • 


• •••••11 

U U O • <9 W 1 

• ••••III 


Z X X Z XX 

C9 «9 C9 O O • 


• •■•••II 

• •••••■• 
■ 1 • • • • • t 

• ••■•••• 


> » > > I 



a 



4* 

8 
1 



S5 

OS 



8 

4* 
U 

5 m 



I 



« CD U O I 



«S08Qt2SS ► 

iiiiiiii i ii 



BNSDOCID: <WO_ 



_e700271A1J_> 



wo 97/00271 PCTAJS96/10287 

76 

Affinities ofsFv resuUine from eombinine hitrker afifintv and Vj^ fen^it 
obtained bv chain sh^fmnf, 

In an attempt to further uuaease affinity, shu£fled Vh and V|. ^les ftam 
higher affinity sFv were combined into the same sFv. Combining the gene fiom 
C6L1 with the Vh goie from C6H1 resulted in an sFv (C6H1L1) with low» affinity than 
o&st C6L1 or CtiH2 (Table 11). No additional xeduction in was adiieved, and the 
k. was reduced agnnoximately 2 fxM. Similarly, conilnning the Vj. gme fRMU C6L1 
with the Vh gene fiom C6H2 resulted in an sFv (C6H2L1) with lower affinity than C6L1 
m C6H2 (Table il). No additional reduction in k;^ was achieved, and the was 
reduced approximately 2 fold. Thus, in both instances, onnbining the indqiendendy 
iscdated higher affinity Vh and V, genes had a n^ative eCfett on affinity. 

Production of Higher Affinity MiitnMi!F 
In order to prq>are higher affinity mutants derived fiom C6.S part ai the 
light chain and heavy chain CDR3 were sequoitially randomized. The C6.5 VL CDR3 
was modified by randomizing teh sequence AAWDDSLSG. The heavy chain CDR3 
domain was randomized. The variable heavy diain CDR3 was randomized 4 amino 
acids at a time: In other words, the CDR3 sequence of HDVGYCSSSNCAKWPEYFQH 
—-was modified by randomizing SSSN (library B), DVGY (library A), AKPE (library C) 
and YFQH (library D) SSSN, AKPB and YFQH respectivdy as described below. 

L Materials and Methods 

Construction qf phage antibody libraries 

As explained above, mutant sFv phage antfliody lUnaiies were constructed 
based on the sequoice of C6.5, a human sFv isolated fiom a non-immune phage antibody 
library which binds to the tumor antigen c-abB-2 with a Kd of 1.6 x 10^ M (see 
Example 1). For con^ction of a library containing V^CDRS mutants, an 
oligonucleotide (VLl; Table 18) was designed which partially randomized nine amino 
add residues located in Vi. CDR3 (Table 4, above). Fte the nine amino adds 
randomized, the ratio of nudeotides was diosen so that the fiequraicy of wild-type (wt) 
amino add was 49%. 
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To create the library, C6.5 sFv DNA (10 ng) was amplified by PGR in 50 
til reactions containing 25 pmol LMB3 (Marks et al., 1991 J. Mol. BioL 222: 581-597), 
25 pmol VLl, 250 mM dNTPs, 1.5 mM MgQ,, and 1 fd (5 units) Taq DNA polymerase 
(Prompga) in the manufacturers buffer. The reaction mixture was subjected to 30 cydes 
S. of amplifteation (94''C for 30 s, 50''C for 30 s and 72**C for 1 min) using a Hybaid 

OmniGene ^cler. 

To introduce a Nod restriction site at the 3* end of the sFv gene 
r^ertoire, the PGR fragment (850 bp) was gel purified and reamplified using the primers 
LMB3 and VL2 (Table 18). The PGR product was purified, digested widi Sfil and Notl. 

Zfi . and ligated into pCANTAB5E (Pharmacia) digested with Sfil and Notl. 

Ligation mixtures were purified as previously described above and aliquots 
dectropoiated (Dower et al. (1988) Nucleic Acids Res.. 16: 6127-45) into 50 ft\ E. coli 
TGI (Gibson (1984) Studies on the Epstein-Barr virus genome. PhD thesis, University of 
Cambridge). Cells were grown in 1 ml SOC (Sambrook et al., (1990) supra.) for 30 

1£ min and then plated on TYE (Miller, J. H. (1972) Experiments in Molecular Genetics. 

Cold Springs Harbor Lab Press, Cold Springs Harbor, New York.) media containing 
100 /*g ampidllin/ml and 1 % (w/v) glucose (TYE-AMP-Glu). Colonies were soaped 
off the plates into 5 ml of 2 x TY broth (Miller (1972) supra.) containing 100 ng 
ampicillin/ml, 1% glucose (2xTY-AMP-Glu) and 15% (v/v) glycerol for storage at 

2fi -70*C. The cloning e£Rci«icy and diversity of libraries was detomined by PGR 

screening (Gussow & Glackson (1989) Nucleic Adds Bes. 17) exac&y as described in 
(Marks et al., (1991) siq>ra,) and by DNA sequencing (Sanger et aL (1977) Proc. Natl. 
Acad. Sd. USA, 74: 5463-7). The mutant phage antibody library was designated 
G6VLGDR3. 

2S. Four libraries of CDR3 mutants were cmstructed. For construction of 

each Vh GDR3 libiaiy, oligonucleotides (VHA, VHB, VHC, and VHD; Table 18) were 
deagned whidi completely randomized four amino add residues located in CDR3 
(amino add residues 96 to 99, library A; residues 100a to lOOd, Ubiary B; residues 
lOOf, lOOg, lOOi, and lOOj, Ubrary C; and residues lOOk to H102, library D; Table 13). 

M To create the libraries, DNA encoding the Vh gene of C6.5 sFv DNA (10 ng) was 

amplified by PGR in 50 ^1 reactions containing 25 pmol LMB3 (Marks et al., 1991) and 
25 pmol of ather VHA, VHB, VHC, or VHD exacfly as described above. Hie resulting 
PGR fragments were designated VHAl, VHBl, VHCl, and VHDl, based on the 
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mutagenic oligonucleotide used for amplification. In four separate PGR reactions, DNA 
encoding the light chain, sFv linker, Vh framework 4 (FR4), and a portion of Yh CDR3 
of C6ML3-9 was amplified by PGR as described above using the piimers C6hisnot and 
either RVHA, RVHB, RVHC, or RVHD (Table 18). 
2 These ampUiications yielded PGR fragments VHA2, VHB2, VHC2, and 

VHD2. The S' aid of primeacs RVHA, RVHB, RVHC, and RVHD were designed to be 
complraientaiy to Ae 5* ends of pnmeis VHA, VHB, VHC, and VHD respectively. 
This conqdranaitarity pennits joining of tfie VHl and VH2 PGR fragments together to 
create a fiill length sPv goie nfiertoiie using qdidng by oveadap extension. To cxeate 

Xfi tiie mutant sFv gene TCpertoiins, 200 ng of eadi PGR fragment (VHAl and VHA2, 

VHBl and VHB2, VHCl and VHC2, or VHDl and VHD2) were combined in 50 ml 
PGR reaction mixtures, (as described above) and cycled seven times to join tihe firagmrats 
(WC for 30s, 60"C for 5s, 40*G for 5s (RAMP: 5s), 72'C for 1 min). After seven 
cycles, outer primers LMB3 and OShisnot were added and the mixtures an^lified for 30 

IS. cycles (94*G for 30 s, 50°C for 30 s, 72°G for 1 min). The PGR products were 

purified as described above, digested with Sfil and NoQ, and squuratdy ligated into 
pGANTABSE (Pharmacia) digested with Sfil and Notl. The four ligation mixtures vtete 
purified as desoibed above and electroporated into 50 nl E. coU TGI. Transformecl. 
cells were grown and plated, and libraries characterized and stored, as desoibed above. 

20. The mutant phage antibody libraries were designated C6VHCDR3A, C6VHGDR3B, 

C6VHGDR3C, and C6VHGDR3D. 

Preparation of phage and sel&^on qf phage antibody libraries. 

Preparation of ]diage for sdection was performed exactly as described in 
22 Exanqdes 1 and 2.. Huge particles were purified and conoentzated by two 

PEG-predpitations (Sambrocdc et al, 1990), resuspended in 5 ml pho^hate buffered 
saline (25 mM NaHaPOt, 125 mM NaQ, pH 7.0, PBS) and filtered through a 0.45 m 
filter. All libraries were selected u^ng InotinylalBd c-erbB-2 ECD and 
- strq>tavidin-coated paramagn^ beads M280 (Dynal) as described above. For selection 
2fi of the G6VLGDR3 library, o-eibB-2 EGD concentrations of 4.0 x 10* M, 1.0 x IQ* M, 

1.0 X 10"" M, and 1.0 x 10"" M were used for selection rounds 1, 2, 3, and 4 
respectively. The mixture of phage and antigen was gently rotated for 1 h at room 
tempoature and phage bound to biotinylated antigm captured using 100 /d (round 1) or 
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SO fd (rounds 2, 3, and 4) of sti^tavidin-coated M280 magnetic beads. After capture of 
phage, Dynabeads were washed a total of ten times (three times in PBS containing 

0. 05% Tween 20 (TPBS), twice in TPBS containing 296 skimmed milk powder 
Q%MTPBS), twice in PBS, once in 2%MPBS, and twice in PBS) using a Dynal 
magnetic paitide oonc^itrator. The Dynabeads were lesui^mided in 1 ml PBS, and 300 
fd woe used to infect 10 ml log phase.il. coU TGI which were plated on TYE-AMP-Glu 
plates. Far selection of the C6VHCDR3 libiaxies, c-eibB-2 BCD concentrations of S.O x 
10* M, S.O X 10-" M, S.O X 10-*^ M, and S.O x lO'*' M were used for selection rounds 

1, 2, 3, and 4 respectively and the pluige OQituied by incubating with SO fd of 
Dynabeads for S inin. 

The washing protocol was altered to select for siFv with die lowest 1^ 
(Hawkins cr4Z/. (1992)/. Mol Biol. 226: 889-896). Dynabeads with bound phage were 
initially subjected to five rapid washes (4 x TPBS, 1 x MPBS) followed by six 30 min 
incubations in one of three washing buffer (2 x TPBS, 2 x MPBS, 2 x PBS) containing 
1.0 X Vf M c-eibB-2 ECD. Bound phage were eluted from the Dynabeads by 
seqttoitial incubation with 100 #d of 4 M MgQj for 15 min foUowed by 100 /*1 of 100 
mM HCl for 5 min. Eluates were combined and neutralized with 1.5 ml of 1 M Tris 
HO, pH 7.5 and one third of the eluate used to infect log phase K cott TGI. 

InitM sFv characterization. 

Initial analysis of selected sFv dones for binding to o-abB-2 ECD was 
determined by phage EUSA. To prepare phage for EUSA, single ampicillin resistant 
colonies were transferred into miciotitie plate wdls containing 100 id 2xTY-AMP-0.1 % 
glucose and grown for three hours at 37'C to an A«o of a^praodmately 0.5. VCSM13 
helper phage (2.S x 10* phage) were added to each well, and the cells incubated for 1 
hour at 37*C. 

Kanamydn was then added to each wdl to a final concentration of 25 
|(g/ml and the bacteria grown overnight at 37*C. SupenuOants containing phage were 
used for EUSA. For QJSA, Immunolon 4 plates (Dynatech) were incubated overnight 
at 4»C with ImmunoPure avidin (10 Mg/ml in PBS; Pierce). After washing three times 
with ras to remove unbound avidin, wdls were incubated with biotinylated c-erbB-2 
ECD as described above. 



9700271A1J_> 



wo 97/00271 PCT/US96/10287 

80 

Binding of sFv phage to c-erbB-2 ECD was detected with 
peioxidase-conjugated antl-M13 antibody (Phamuicia) and ABTS (Sigma) as substrate. 
Selected binders were fuitho- characterized by DNA sequencing of the Vh and genes. 
Ranking of sFv by Ic^ was performed using SPR in a BIAcore as described 
S. above. Briefly, 10 ml cultures of 24 ELIS A positive clones from the Aird and fourth 

round of selection were grown to an A«ao of appmadmat^y 0.8, sPv aqnession induced 
(De Bdlis et al (1990). Nucleic Adds Res., 18: 1311) and the culture grown ovemight 
at 2S*C. Single-diain Fv were harvested from the periplasm (Bsdfling et aL (1991) 
Gene, 104: 147-153), and the periplasmic fraction dialyzed for 48 h against hepes 

ifi buffered saline (10 mM hepes, ISO mM NaO, pH 7.4, HBS). In a BIAooie flow cdl, 

apprarimatdy 1400 resonance units (RU) of c-eibB-2 ECD were coufded to a CMS 
sensor chip using NHS-EDC chemistry (Johnsson et al. (1991) Anal. Biodian. 198: 
268-277). Assodaticm and disspdatipn of undiluted sPv in the periplasmic fraction were 
measured under a ccmstant flow of 5 ^l^min and HBS as running buffer. An apparmt 

IS. was determined fitom the dissodation part of the soisorgram for each sFv analyzed 

(Karlsson et al. (1993) 7. Immunol. Meth. 166: 75-84). The flow ceU was regenerated 
between samples using sequoitial injections of 4 M MgCl, and 100 mM triethylaroine 
without significant diange in the sensoigiam baseline after analysis of more than 100 
samples. 

Subckming, expression and purification tfsFv. 

To facilitate purification of sFv selected flom the C6VLCDR3 library, the 
sFv genes were subctoned into the o^Kession vector pUCl 19 Sfi-NotmycHis, which 
results in the addition of a heica-histidine tag at the C-tenninal end of die sPv. The sFv 

2£ selected from the C6VHCDR3 library already have a C-tenninal hexa-histidine tag and 

Aerefore (xnild be purified without subcioning. 500 ml cuttuies of E. coli TGI 
baiboring one of die C6.5 mutant pha^nids were grown, oqxression of sFv induced (De 
Bellisera;. (1990) s^pni.), and the culture grown at 2S*C overnight. Single^hain Fv 
were harvested from Uie periplasm (Breitling et al. (1991) supra.), dialyzed overnight at 

32 4»C against 8 L of IMAC loading buffer (50 mM sodium phosphate, pH 7.5, 500 mM 

NaCl, 20 noM imidazole) and then filtoed dirough a 0.2 micron filter. Single-chain Fv 
was purified by IMAC (HochuU et al. (1988) mo/Technology, 6: 1321-1325) as 
described above. 
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To separate monomelic, dim^c and aggn^ated sFv, samples were 
concentrated to a volume < 1 ml in a Centricon 10 (Amicon) and fractionated on a 
Supeidex 75 colunm using a running buffer of HBS. The purity of the final preparation 
was evaluated by assaying an aliquot by SDS-PAGE. Protein bands were detected by 
Coomassie staining. The concentratiqn was determined spectrophotometrically, assuming 
an Ajn tan of 1.0 corresponds to an sPv concentration of 0.7 mg/ml. 

Measurement qfqffirdty and binding kinetics. 

The Kd of sFv were determined using SPR in a BIAcote. In a BIAcore 
flow, cell, approximately 1400 RU of c-eibB-2 BCD (90 kDa, McCartney et al. (1995) 
Pnaein Eng. 8: 301-314) were coupled to a CMS sensor diip (Jcriuisson et al. (1991) 
siqira.). Association rates were measured under continuous flow of 5 ml/min using 
concentrations ranging from 5.0 x lO* to 8.0 x la' M. Rate constant k„ was 
determined from a plot of (In (dR/dt))/t vs concentration (Karlsson et al,, 1991). 

To verify that differences in were not due to dififeroices in 
immunoreactivity, the idative concentrations of functional sFv was determined using 
SPR in a BIAcore (Karlsson et aJ. (1993) st^ra.). Briefly, 4000 RU of c-erbB-2 BCD 
were coupled to a CMS sensor chip and the rate of binding of C6.5 (RU/s) determined 
under a constant flow of 30 ml/min. Over the concentration range of 1.0 x 10*M to 1.0 
X 10-' M, the rate of binding was proportional to the log of the sFv concentration. 
Purified sFv were diluted to the same concentration (1.0 x 10* M and 2.0 x 10^ M) as 
determined by The rate of binding to o^B-2 BCD was measured and used to 
calculate the concentration based on the standard curve constructed from C6.5. 
I>issociation rates were measured using a constant flow of 25 fd/min and a sFv 
concentration of 1.0 x 10* M. k^^r was determined during the first 2 min of dissociation 
for sFv mutated in CDR3 (Karlsson ef oL (1991) supm.) and during the first 15 to 60 
min ftir clones with k;^ below 5 x lO^ s"' (sFv mutated in V„ CDR3 and combined sFv), 
To exclude rebinding, was determined in the presence and absence of 5.0 x 10^ M 
c-eri)B-2 BCD as described above in Examples 1 and 2. 

Cell surface retention assay. 

The cdl surface retoition of selected sFv was determined on live SK-OV-3 
cells using a fluorescence activated cell sorter (FACS). Purified sFv were labeled with 
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NHS-LC-Biotin (Pierce) using the manufacturers instructions. The concentration of 
immunoreactive biotinylated sFv was calculated using SPR as described above. The 
efficiency of biotinylation was also determined in a BIAcore using a flow cell to which 
SOCX) RU of strqitavidin was coupled. The total responses after association were 
compared between samples and concentrations of sFv were adjusted using thu results 
-^obtained from the BIAcore. For the assay, aliquots of SK-OV-3 cells (L2 x lOP 
c-erbB-2 positive cdk) were incubated with 14 /eg biotinylated sFv in a total volume of 
0.S ml (1 /iM sFv) FACS buffer (PBS containing 1% BSA and Oa% NaNj) for 1 h a 
ST'C. CtXis were washed twice with 10 ml FACS buffer (4''C) and resuspended in 12 
ml FACS buffer and further incubated at 37®C. Aliquots of cells (0.S ml from 12 ml 
containing 5 x Vfi cells) were takm aftor S min» every IS min for the first hour and after 
two hours repeating the wash and resuspension. cycle. Washed cell aliquots were fixed 
with 1% paraformaldehyde, washed twice with FAC^S buffer, and incubated for IS min 
at 4^C with a 1:800 dilution of phyco^rythrine-labeled streptavidin (Pime). 
Fluorescence was measured by FACS and the percent retained fluorescence on the cell 
surface plotted versus the time points. Single-chain Fv used for the cell surface retention 
assay were C6.5 (IQ, = 1.6 x lO* M). C6ML3-9 (Kd « 1.0 x 10"^ M), C6MH3-B1 (K^ 
= 1.2 X la*® M), and the anti-digoxin sFv 26-10 (Huston ei d. (1988) Prac. Natl Acad. 
ScL USA, 85: 5879-83) as negative control. 

High resolmion Junctional scan ofC6.5 V„ CDR3. 

A high resolution functional scan of the C6.5 Vh CDR3 was performed by 
individually mutating residues 95-99. lOOa-lOOd, and lOOg-102 to alanine. The pair of 
cysteine residues (100 and lOOe) were simultaneously mutated to serine. Residue lOOf 
(alanine) was not studied. Mutations were intrxxluced by oligonucleotide directed 
mutagenesis using the method of Kunkd et al. (1987) Meth. EnzymoL, 154: 367-82. 

Insertion of the correct mutation was verified by DNA sequencing, and 
sFv was expressed (De BeUis et al (1990) supra.\ BreitKng et at. (1991) supra.) and 
purified by IMAC (Hochuli et al. (1988) si^ra.). Affinities were determined by SPR as 
described above and compared to C6.5 sFv. 

Modeling of location of mutations. 
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The location of mutations in mutated sFv was modeled on the structure of 
the Fab KOL (Marquart ct al. (1980) J. Mol Biol, 141: 369-391) using the program O 
(Jones er a/. (1991), Acta Cryst. \ A47: 110-119) on a Silicon Graphics workstation. 

Ht Rem Its 

11 Mutetion of sPV V, CDIM 

Ubrary construction and selection. 

As explained above, 9 amino adds in CDR3 were partially randomized 
by synthesizing a '^dqped'' oligonucleotide in whidi the wild-type nucleotide occurred 
widi a fiequracy of 49%. After transformation, a library of 1.0 x 10^ clones was 
obtained. The mutant phage antibody library was designated C6VLX:DR3. 

Polymerase chain reaction (PGR) screening revealed that 100% of clones 
analyzed had full length insert and diversity was confirmed by sequencing the Vl CDR3 
of tm clones from the unselected library. Prior to selection, 5/92 clones selected at 
random expressed sFv whidi bound c-eibB-2 ECD by enzyme linked immunosorbent 
assay (EUSA). 

Hie C6VLCDR3 library was subjected to four roimds of selection using 
decreasing concentrations of biotinylated c-erbB-2 ECD. A relatively high antigm 
concwitration (4.0 x 10^ M) was used for the first round to capture rare or poorly 
expressed phage antibodies. The concentration was decreased 40 fold for the second 
round (1.0 x 10"' M), and decreased a fiirtiier tenfold each of the subsequent two rounds 
(1.0 X 10-^^^ M, 3rd round; 1.0 x la" M, 4th round). After each round of selection, the 
concentration of binding phage in the jxilydonal jrfiage preparation was determined by 
measuring the rate of binding of polyclonal phage to c-eibB-2 ECD undo* mass transport 
limited conditions using sur&ce plasmon resonance (SPR) in a BIAcore. The results 
were used to guide the antigen concentration for the subsequrat round of selection. After 
botii the third and fourth rounds of selection, 92/92 clones bound c-erbB-2 ECD by 
EUSA. 

Chamaerization qf mutant sFv. 

To identify sFv with a lower Ka than wild-type sFv, apparent was 
determined by SPR in a BIAcore on unpurified native sFv in bact^ial periplasm. 
TwOTty-four sFv from the third and fourth rounds of sdection were ranked by 1^. After 
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Uie third round of selection, 80% of sFv had a lower than wt and after four rounds, 
100% of sFv had a low« than wild-type sFv. The twdve sFv with the lowest k;^ 
from each of these rounds of sdection woe sequenced and each unique sFv g&ie was 
subdoned for purification. Single-chain Fv were purified by immobilized metal affinity 
chromatogn^hy (IMAC), followed by gd filtration to remove any dimecic en- aggregated 
sFv. 

The and k^were detomined by BIAcore, and tiie cstimi^^ 
Afler the third round of selection, seven unique sFv were identified, an with hi^ier 
a£Bnity than wild-type sFv. Single-chain Fv had on average 1.8 amino add 
subsdtutions/sFv, wilfa a single substitution at residue 92 the most frequently observed 
mutatim. Ttese sin^e amino add substitutions would have occurred with a frequoicy 
of m2,00D in tiie original library,, assuming equal nudeotide coupling effi^ The 
average sFv affinity was 3.6 x 10* M (4.4 fold increase), with the highest afBnity 2.6 x 
10* M (sixfidd increase). 

After four rounds of sdection, six sPv were identified, and none of these 
sequences were observed in die sFv sequenced from the third round. Single-chain Fv 
from the fourtii round had on average 2.9 amino add substitutions/sFv, with expected 
fi«quendes of between 1/590,000 and 1/24,000,000 in the original library. The average 
sFv affinity after die fourth round was 1.9 x lO"' M (8.4 fold increase), with the highest 
affinity 1.0 x la' M (16 fold inCTease). The results denumstrate tiie efficiency of the 
sdection technique for isolating very rare high affinity dones from a Ubrary. Additional 
high afiSnity sFv (Table 14; C6ML3-14, -15, -19, -23, and -29) were isolated from the 
C6VLCDR3 Hbrary by using a different dution solution after capture of antigen bound 
phage. 

Location afmuuttians in higher c^fmxy sFv. 

Significant sequence variability (six dififemtt amino adds) was d>seived at 
residues 93, and 94, with less vaiiabffity (tiunee different amino adds) at residues 95 and 
95a. Thus a subset oi the randomized residues appear to be more important in 
modulating affinity. AU but one of these four residues (VJ^5) appear to have solvent 
aocesdble ade chains in the C6.5 modd. Three of the residues randomized (A89, 
and G96) were 100% conserved in all mutants sequenced. Two additional residues 
(A90S and D92E) showed ody a single conservative substitution. These conserved 
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residues appear to have a structural role in the variable domain, either in maintaining the 
main chain conformation of the loop, or in packing on the Vh domain. Residues A89, 
W91, and D92 are identical in both C6*S and KOL, with conservative substitutions A90S 
and G96A observed at the other two positions in KOL, consistent with a structural role. 

In the modcd of C6.S indicated by this invention, G9Sb is in a turn and 
A89» A90, and W91 pack against the Vh domain at the Vh-Vl interface. Hydrogm 
bonds between V,D92 and V,S27a and ViN27b bridge L3 and LI to stabilize the L3 and 
LI conformations. 

2) MutatiOT of C<?MU-? sFy Yb CPR3 
Ubraiy amstrucOon and selection. 

To further increase the affinity of C6.S, we chose to mutate the Vh CDR3 

of the highest a£Snity sFv (C6ML3-9, i;;^ 1.0 x lO"* M) isolated firom the C6YLCDR3 
library, rather than mutate C6.S Vh CDR3 indq>endently and combine mutants. Tliis 
sequential approach was taken since the kinetic effects of independmtly isolated antibody 
fragment mutations are frequratly not additive (Yang et al. (199S) /. MoL Biol, 254: 
392-403). 

Due to the length of the C6.S Vh CDR3 (20 amino adds), a high 
resolution functional scan was performed on C6.S sFv in an attempt to reduce the 
number of amino adds subjected to mutation. Residues 95-99, l(X)a-l(X)d, and l(X}g-lQ2 
were separately mutated to alanine, and the of the mutated sFv detomined. Residue 
lOOf (alanine) was not studied. Residues 1(X) and lOOe are a pair of ^stdnes sq[iarated 
by four amino adds. A homologous sisquence in KOL (Marquardt et al. (1980) supra.) 
results in a disulfide bond between the two cysteines and a four residue miniloop. 
Therefore the two qrsteines were simultaneously mutated to serine. 

Results of tfie alanine scan are shown in Table 13. No detectable binding 
to c-eibB-2 ECD could be measured by BL\core for C6.5H95A, C6.5W100hA, and 
C6.SE100jA. Three additional alanine mutants (G98A, YlOOkA, and FIOOIA) yielded 
sFv with 20 fold to 100 fold higher Kd than wt sFv. Substitution of the two cystdnes by 
alanine (100, lOOe) yielded an sFv with an 17.5 fold higher Ki, and a much faster k;^ 
(1.38 X la^ s'^) than wt C6.S. The remainder of the alanine substitutions yielded only 
minor (0.5 to 3.7 fold) increases or decreases in K^. 
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Based on the results of the alanine scan and a model of C6.S based on the Fab 
KOL (Maiquardt et al., 1980), residues H9SA, ClOO, and ClOOe were not mutated due 
to their probability of having an important structural role. H9S is likely to be buried at 
the V^Vl inter&ce where it makes critical packing contacts with the domain. The 
2 two cystdne residues also are likely to have a structural role in maintaining the miniloop 

conformation. WlOOh was also not mutated given the unique features of tryptophan in 
antibody combining sites (Mian et al. (1991) /. MoL Biol, 217: 133-lSl). 

The remaining 16 amino adds were oon^letely randomized four residues 
at a time in four sqiarate C6VHCDR3 libraries (96-99» library A; l(X)a-100d, library B; 
Xfi lOQf, lOOg, lOQl, and 10Qj» library C, and 100k-lQ2, library D; see Table 14). After 

transformation, libraries were obtained with sizes 1.7 x 10' (lifarary A), 1.3 x 10'' 
(library B), 3.0 x 10^ (Ubcary C), and 2.4 x 10^ (library D). The mutant phage antibody 
libraries were designated C6VHCDR3 libraries A, B, C, and D. PCR screening and 
DNA sequendng 

X5 
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Table 13. Bindiiig kiiietics of C6.S Vh CDR3 mutants obtained by high resolution 
functional scan. Amino add residues 95-99, lOOa-lOOd, and 100g-lQ2 of C6.5 Vh 
CDR3 were mutated to alanine using site directed mutagenesis. Cysteine residues, ClOO 
and ClOOe, were simultaneously mutated to serine, k^, and were measured by SPR 
in a BIAcore, and the calculated. Numbering is according to Kabat et al. (1987). 
NBgno binding. 



sFv done 


Kd (C6.5) 




[10*M"*s**] 


Kn 

l*v S J 






Mo 






UO.Dii/yOA 


2.0 


4,^ 


2.2 ± U,J4 


1.0 ± 0.02 


uo.^Vsr/A 


'6M 


4.» 


3.1 ± U.b2 


1.5 ± 0.02 




ly.B 


31.7 


4.1 ± U,71 


IJ ± 0.55 


UO.D z 3r7A 


J.7 


^.y 


y.u ± u.i / 


5.3 ± 0.07 


\^O.DC iUll5/C iiKies 


17.3 




b.U ± 0.25 


13.K ± 0.71 


U0.^2>iUUaA 


1.8 




4.7 ± 0.55 


1.3 ± 0.04 


I- 


2.» 


4.7 


3.4 ± 0.4i} 


1.6 ± 0.07 


CCDdlUUCA 


1.3 


2.4 


4.5 ± 0.6!2 


1.1 ± 0.03 




l.K 


z.y 


4.1 ± U.34 


1.2 i 0.U5 


L^0.3JvlUUgA 


U.o 




4.;> ± 0.31 


0.42 ± 0.01 




NB 




— klU 


Mo 


Cb.!>PlUUiA 


0.6 ■ 


l.U 


10.5 ± 0.12 


1.1 ± 0.02 


C6.SElUUjA 


JNB 








C6.SY10UkA 


lUl.O 


161.6 


O.Ti±0.07 ■ 


ll.U ± 0.25 




:28.4 


43.4 


1.1 db 0.13 


5.0 ± 0.06 


C6.f)QlUlA 






12.0 ± 0.02 


o.y« ± U.02 


C6.!>H1U2A 






6.y ± 0.57 


1.1 ± 0.02 



revealed that 100% of clones from all four libxaries had fiill length insert and that the 
sequences were diverse (results not shown). Prior to selection, the peccoit of dones 
eiqtressing sFv which bound c-eibB-2 ECD by EUSA was 1% for C6VHCDR3 libiary 
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A, 57%, library B, 2% library C, and 3% library D. The C6VHCDR3 libraries A, B, 
C, and D were selected on biotinylated c-eibB-2 ECD as described above, but using 
lower antigm concmtration. The first round of selection was performed using S.O x lO*' 
M c-erbB-2 ECD, tenfold lower than for the first round of selection of the C6VLCDR3 
library. This concentration was chosen because the parental sFv for these libraries 
(C6NfL3-9) had a greater than tenfold lower than the parental done for tiie 
C6VLCDR3 library (C6.S). Biotinylated c-abB-2 BCD concmtiation was then 
decreased 100 fold for the second round of selection (5.0 x 10*" M) and tenfold for the 
third and fourth rounds (5«0 X la" M and 5.0 X la^ M). As for the C6V^^ 
library, tiie rate of binding of polydcmal phage was measured in a HIAccne to detormine 
the antigen concentration used for the subsequent round of selection as discussed below. 



Charaaerization ofmutamsFv. 

After four rounds of sdecdon, positive dones were identified by EUSA 
ISi and at least 24 sPv fsom the fourth round of selection were ranked by \^ using SPR in a 

BIAoore. The tm iPy with the lowest k«fr fiom C6VHCDR3 libraries A, C, and D were 
sequoiced. 



2fi 



2£ 



2fi 



31 



Table 14. Sequences, affinities and binding kinetics of sFv isolated fi:om heavy chain 
CDR3 libraries A, B, C, and D. kj^^ and k;^ were determined in a BIAoore using 
purified sFv, and calculated. Dashes indicate sequence idmtity. Mutations arising 
from PGR error and located outside VH CDR3 are listed under the heading ''other 
mutations**. F«ftequaicy of isolated sFv. * determined from unpurified sFv 
samples. Und^line indicates mutated residue. 



Clone Name 


VH CDR3 aequence 


Other 

Hutat;io 

ns 


K 

(M) 




C6.5 


HDVGyCSSSNCAKHPEYFQH 




160,0 X 10-"* 


f3.0 X 10' 


VH CDR3 libra 


iry A: 


C6KL3-9(%rt) 










C6KL3*A2 


HDV6FCSSSNC2UCWPEYFQH 








C6ML3*A3 


HDVGyCSSSfiCAKUPEYFQH 




160.0 X 10->® 


f3,0 X 10- 


VH CDR3 libra 


try Bt 


C6ML3-9 
(wt) 






10.0 X xtr^ 


7.6 X 10-* 


C6HH3-B1 


HDVGYCTORTCAKWPEyFQH 




1*6 X 10-" 


6.7 X 10-* 
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C6KH3-B15 


HDVGYCESSBGAKWPEYFQB 




7.7 X lO"'® 


2.9 X 10** 


C6MH3-B11 


HDVGYCSDRSCAKWPEYFQH 




2.2 X 10''^ 


2.3 X 10** 


C6MH3-B9 


HDVGYCKTAACAKWPEYPOH 




8,7 X 10""* 


3.3 X 10"* 


C6MB3-B8 


HDVGYC*TERCAKWPBYPQH 




7.2 X 10*** 


2.9 X 10-* 


C6MH3-B2 


HDVGYCTDPRCAKWPEYFQH 




3*1 X 10"* 


3.1 X 10"* 


C6MR3~B39 


HDVGYCTDPTCAKWPEYFQH 




3 • 2 X lu 


1.9 X 10"* 


C6MH3-B25 


HDVGYCLTTRCAKWPEYFOH 




3.6 X icr» 


1.9 X 10-* 


C61IB3-B21 


HDVGYCTTPtCAKWPEYFQH 




7.3 X 


2.4 X 10-* 


C6MH3-B20 


BDVGYCSPARCAKWPEYPQH 




8.7 X 


1.6 X 10-* 


C6MH3-B16 


HDVGYCADVRCAICWPEYFQH 




2.1 X 10'^^ 


2,8 X 10-* 


C6IIH3-B47 


HDVCYCTDRSTCMCWPEYPQH 




1.1 X 10-" 


p. 75 X 10- 


C6HH3-B48 


HDVCYCTDPSTCAKWPEYFQH 




2.3 X 10-"® 


1.3 X 10^ 


C6MH3-B5 


HDVGYCIDATTCAKWPEYFQH 




3.4 X 10>® 


2.3 X 10-* 


C6MH3-B41 


HDVGYCTDRPTCAKWPEYFpH 




5.3 X 10-'« 


2.7 X 10-* 


C6MH3-B2^^ 


HDVGYCTDPRTCAKWPEYFOH 




5.8 X 10-*® 


3.2 X 10-* 


C6MH3-B27 


HDVGYCKNSRTCAKWPBYFOH 




4.7 X 10-*® 


4.0 X 10"* 


C6MH3-B34 


HDVGYCODTRTCAKHPBYPQH 


VL QIR 


ND 


HD 


C6MH3-B43 


HDVGYCEDYTTCAKHPEYFQH 




HD 


HD 


C61IH3-B46 


HPVGYCTTPRTCMCWPEYFQH 


VH K23Q 
VH V76G 


ND 


ND 


C6MH3-B33 


HDVGYCSDQTTCARWPBYPQH 




ND 


ND 


C6MH3*B31 . 


HDVGYCDDYTTCIkXSIPByFQH 


VL PTL 


ND 


ND 


VH C0R3 library Cs 




C6HI.3-9 
(wt) 


— AKWPE 




10.0 X io-» 


7.6 X 10-* 


C6MH3-C4 


HDVGYCSSSNCAVWPEYFQH 




3.7 X 10-*® 


2.0 X 10-* 


C6MH3-C3 


HDVGYCSSSNGAKWPEYFQH 


VH 615E 
VL N54D 


6.5 X 10-«® 


3.2 X 10-» 


VH CDR3 library Ds 


C6ML3-9 
(wt) 


HDVGYCSSSWCAKWPEYFQH 




10.0 X 10-'® 


7.6 X 10-* 


C6KH3-D2 


HDVGYCSSSNCIUCHPEIfLGV 




1.6 X 10-'® 


2.0 X 10-* 


C6MH3-D3 


HPVGYCSSSMCMCWPgWLDN 




2.7 X 10-*® 


2.5 X 10-* 


C6MH3*D6 


HDVGYCSSSNCAKHPEWJCYS 




3.5 X lO-*® 


1.8 X 10^ 


C6KB3-05 


HDVGYCSSSNCAKWPEWMOM 




3.8 X 10-»® 


2.1 X 10"* 
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C6KB3-D1 


HDVGYCSSSNCAKWP^IQiHV 




3*1 X 10-" 


1.1 X lo-^ 


C6MB3-D7 


HDV6YCSSSNCAKWPEWSSS 




ND 


3.1 X 10-* 



Due to the diversity of isolated sFv in C6VHCDR3 libxaiy B, 48 sFv were ranked by 
£ using SPR, and 22 clones with the lowest were sequoiced. Single-chain Fv were 

purified by IMAC, followed by gel filtration to remove any dimeric or aggregated sFv. 
The koBf and k^were determined by BIAcore and the calculated. 

Very different results were obtained from the four libraries with respect to 
the numbn of higher affinity sFv isolated, and the value of the highest affinity sFv. The 

Ifi best results were obtained from library B (Table 14). Fifteoi sFv were isolated with a 

lower than wt C6ML3-9 and no wt sequences were obsierved enable 14). The best 
sFv (C6MH3-B47) had a = 1.1 x lOr^^ ninefold lower than C6ML3*9 and 14S 
fold lower than C6.S. The of this sFv was 7.5 x 10"^ s'S tenfold lower than 
C6ML3*9 and 84 fold Iowa: than C6.S. While a wide range of sequences was observed" 

1£ (Table 14, library B), a subset of sFv had flie consensus sequence TDRT (first dght sFv, 

Table 14). The consensus sequence is identical with the sequence of C6MH3-B1, which 
is the sPv with the lowest k^ (6.0 x 10^ r^). 

Five sFv were isolated that had a kgiF 2.S to 3.75 fold lower tfian 
C6ML3->9, however expression levds were too low to obtain adequate purified sFV for 

2fi measurraient of the (last five sequmces. Table 14, library B). The next best results 

were obtained from library D (Table 14). Five higher affinity sFv were isolated, with 
the best having a K«, sevenfold higher than wt C6ML3-9. An additional sFv was isolated 
that had a lower than wt sFv, however the expression level was too low to obtain 
adequate purified sFv for measurement of the (last sequmce. Table 14, library D). 

2S Th^ was selection for a consensus mutation of YlOOkW and replacement of FlOOl witfa^ 

hydrqphobic methionine or leucine. No higha affinity sFv were isolated from eith^ the 
A or C libraries. From library A, 8/10 sFv were wild-type, with one higher affinity 
sFv, a contaminant fix)m library B. A single mutant sFv with the consovative 
r^lacemmt of Y99F had an qiparmt k^2.5 times lower than wt, but expression levels 

ifi were too low to obtain adequate purified sFv to measure the X;^. From library C, 8/10 

sPv were wt sFv, with one higher affinity sFV having mutations located in the Vh and Vi. 
g»es, but not in the region intrationally mutated. The isolated mutant sFv KlOOgV had 
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a Kj 2.7 fold lower than wt (k^ 3.8 fold lower than C6ML3-9), conelating with the data 
of the alanine scan, in which KlOOgA was the only sFv with decreased 

Ability ofakmine scanning to identify residues whidt modulated t^Bfimty. 

Residue ElOOj, the only residiie that whoi convuted to ak<nine had no 
detectable binding, was 100% conserved. Otherwise, there was no correlation between 
flie fkequenqr with wiiich die wt amino add was recovered and die extent to wiiich 
binding was reduced by substitution to alanine. Similarly, there was no correlation 
between readues shown to modulate affinity by alanine scanning and mutations exhibiting 
improved binding. This is dear when oon^ating the results obtained ftom library B 
(where no alanine mutant had more tiian a 2.9 fold increase in and library D (where 
Kd was inarioBdly increased for two alanine mutants, YlOOkA. and FIOOIA). Desinte the 
difSeirait alanine scan results, both libraries yidded similar nine and sevenfold increases 
in affinity. This result 2sppeas& to be different than the results of Lowman et aJ. (1993) 
J. Mol. Bita,, 234: 564-578, who found a mild (R*=0.71) positive correlation between 
die firequmcy with which the wt amino add was recovered from a phage library of 
human growdi hormone mutants and the extent to which binding was reduced by alanine 
scanning. In addition, their largest improvements in affinity were for those residues 
shown by alanine scanning to significantly affect binding. 

The reason for the differait results is unclear, howevo* in two of the 
CDR3 libraries where alanine scanning indicated a significant effect on binding (libraries 
A and C), expression levds of mutants were goiecally low. This could have affected the 
selection results. 

3) CoixelatlOP between afflnitv and eell snrfaee rete ntion of sTV. 

The retention of biotinylated C6.5, C6ML3-9, and C6MH3-B1 sFv on die 
surface of SK-OV-3 cells eqnessing c-e9rbB-2 was determined, bodi to verify the 
observed differences in k^, and to ccniirm that die antigen as presented in the BXAcore 
had biologic significance. The half life (t,a) of die sFv on die cdl sur&ce was much less 
tiian 5 min for C6.5, 11 min for C6ML3-9, and 102 min for C6NiH3-Bl. These vahies 
agree dosdy widi die t^ calculated ftom die k^r as determined by SPR in a BIAcore 
(1.6 min for C6.5, 13 min for C6ML3-9, and 135 min for C6MH3-B1). The 
anti-digoxin sFv 26-10 (Huston et al. (1988) supra,) was used as negative control, and 
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no binding to c-erbB-2 BCD in a BIAcore or to c-eibB-2 on SK-OV-3 cells was 
obsoved. 



Example 4 
Elation of Antibodies 

As higher affinity phage antibodies are genoated, it becomes more 
difficult to elute them from c-erbB-2. Selection of the highest affinity mutants is 
enhanced ^wdien elution conditions are c^timized. To d^emiine. optimal elution 
conditions^ the C6,S VI CDR3 mutant iibraiy was selected on c-«bB-2, and a number of 
differmt elution conditions studied Qnfecting directly off of magnetic beads, 10 mM 
HQ/SO mM HCl, lOOmM HCl, 2.6 M MgQz^ 4 M MgO,, 100 mM TDA, and with 1 
fiM c-«ibB-2). The greatest percentage of clones with a slower than C6.S was 
obtained when eluting with SO mM KCl, 100 mM HCl, or 4 M MgClj. Even after the 
eluted clones were screened by BIAcore to identify those with the slowest k^, the 
highest affinity clones resulted from elutions performed with 100 mM HQ as shown in 
Table IS 0^ this experiment 4 mM MgCl2 was not examined). 

These results correlated with the amount of phage antibody library that 
remained bound in the BIAcore after using one of the diffident elution conditions. For 
the Vh CDR3 elutions phage were eluted sequentially with 4 mM MgClz and 100 mM 
HCl. As affinity increases further more stringent elution conditions may be required. 
This can be determined by analyzing phage libraries in the BIAcore. 



Table 15. Results of C6.S L3 randomization 4th round offrrate selection and elution. 
Underlines indicate mutated amino acids. 



Clones 


• r 


CDR3 Sequence 


K (M) 




C6.5 




AAMDDSLS6WV 


1.6 X 10* 


6.3 X 10* 


Elut;lon with 100 


mM HCls 


C6ML3-5 


4 


AAWDYSLSGWV 


3.7 X ID* 


6.3 X 10* 


C6ML3-9 




ASWDYTLSGWV 


1.0 X 10-* 


1.9 X 10-^ 


C6ML3-14 


2 


AAHDDPLW6HV 


1.1 X ID'* 


7.6 X 10^ 


C6ML3-15 






2.2 X 10^ 


7.7 X 10* 


Elubion with 2.6 M MgCl,: 


C6ML3-S 


2 


AAWDYSLSGHV 


3.7 X 10* 


1.9 X 10-» 


C6ML3-7 


2 


AAHD22VS6HV 


2.6 X 10* 


1.7 X 10* 
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C6HL3-12 




AAWDYSBSGUV 


1.6 X 10-* 


7.2 X 10-* 


C6ML3-16 


2 


ASWDXYRSGHV 


5.0 X 10-* 


1.7 X 10* 


C6M13-15 




AAWDRPLKGW 


2.2 X 10^ 


1.3 X 10* 


Elutix>n with 100 


mM tireth' 


diamine: 


C6KL3-S 


3 


AAWDXSLSGW 


3.7 X lO-* 


1.9 X 10* 


C6ML3-12 


' 2 


AAHDYSBSGHV 


1.6 X 10* 


7.2 X lO^ 


C6KL3-18 






2.4 X 10-* 


6.2 X lO-^ 


C6ML3-19 






1.5 X 10-* 


1.0 X 10* 


C6HL3**20 




AAHEQSZ^WGWV 


3.0 X 10* 


1.4 X 10* 


Elusion with 10 nM HCls 


C6KL3-5 




AAWDYSI^SGWV 


3.7 X lO* 


1.9 X 10* 


G6KL3-7 




AAWDYAVSOWV 


2.6 X 10-* 


1.7 X 10* 


C6KL3-21 




AAHDYSQSGHV 


4.5 X lO* 


2.2 X 10-^ 


C6KL3-22 




AliHDASI.SGWV 


8.3 X 10-* 


3.6 X 10-* 


C6KL3-23 






1.5 X 10-* 


1.0 X 10* 


C6ML3-24 




AAWOBQXFGW 


12.4 X 10* 


7.9 X 10* 


C6MI.3-25 




AAWDNRHSCWV 


7.4 X 10* 


4.4 X 10* 


C6ML3-26 




A21HDDSBSGWV 


8.3 X 10* 


5.0 X 10* 


Elution wltih 50 AM HCls 


C6KL3-6 




ASHDXSZ.SGHV 


3.2 X 10* 


1.9 X 10* 


C6ML3-7 




AlkWDY^SGWV 


2.6 X 10* 


1.7 X 10* 


C6KL3-12 




AAWDXSBS6WV 


1.6 X 10* 


7.2 X 10-^ 


C6HL3-17 




ASWDYYRSGWV 


5.0 X 10* 


1.7 X 10* 


C6ML3-27 




7AWDYSLS6W 


no expression 




C6ML3-28 




ASWDYALSGWV 


2.5 x 10* 


1.7 X 10 -* 


C6ML3-29 




AAWDGTLWGWV 


1.7 X 10* 


2.2 X 10* 


Elution with 1 fiH c^rbB-2 ECD for 30 minutes 


C6ML3-5 


5 


AAinSYSLSGWV 


3.7 X 10* 


1.9 X 10* 


C6HL3-17 




AAWDYALSGWV 


no expression 




C6ML3-30 


3 


ASWDYYLIGWV 


no expression 





For example, in a second Mperiment, ix>lyclonal phage were prqiaced 



aftff three rounds of selection of the C6VLCDR3 library and studied using SPR in a 
BIAcoie. After an initial bulk refiactive index change, binding of phage to immobilized 
c-eibB-2 ECD was obsoved, resulting in an average of 189 RU bound. Phage were 
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then allowed to either spontaneously dissociate ficom c-eibB-2 ECD using hepes buffned 
saline (HBS) as running buffer, or were eluted with either 100 mM HCl, 50 mM HQ, 
10 mM HCl, 2.6 M MgQj, or 100 mM TEA. 

Major diffoiences wne observed between eluents in fbai ability to remove 
bound phage. Hie most effective solutions in removing bound phage antl^Kxfies were 
100 mM HQ and SO mM HQ, followed by 100 mM TEA. 2.6 M MgOs (which 
removes 100% of wild type C6.S) and 10 mM HCl were only minimally more effective 
tiian the running bufte in removing bound phage. 

These results demonstrate the important ^fect of duent chfrioe on the 
aflRnities of selected antibodies, even when usiiig limiting antigen concentration and 
BIAoore screening to identify the highest afSnity d'v. Two previously described dution 
n^imois were found to be the least c^fectiye for selecting higher afSnity' antibodies; 
infecting without elution by adding magnetic beads with antigdi-bound phage directly to 
£L coU cultures (Rgini er al (1994) J. Mol. BioL, 239: 68) and competitive elution of 
sFv with soluble antigen (Hawkins et al. (1992)7. Mol. Biol. 226: 889; Qackson et al. 
(1991) Nature, 352: 624; Riechmann et al. (1993) Biochemistry, 32: 8848). 

Whoi eluting by incubating phage bound to antigoi with E. coli, it is 
bdieved the phage must dissociate from antigen for infection to occur. Steric hindrance, 
due to the size of paramagnetic beads, blocks the attachment of pm on antigen bound 
phage to die f-pilus on E. coU. This would result in preferential selection of sFv with 
rapid k^ consistent with the present results. Since a reduction in is the major 
. mechanism for decreases in Ktf, tius results in the sdection of lower affinity sPv. 

Ehiting with soluble antigen has a similar effect on die kinetics of sdected 
sFy. The phage onist first dissociate from immobilized antigen, tiien rebinding is 
blocked by binding of the phage to sohible antigen. Phage antibodies with Ifae lowest k;« 
will remain bound to immobilized antigen and therefcne are not available for infection of 
E. cott. 

The optimal type of duent (acidic, basic, diaotropic) and concentration 
required will depend on the phage antibody affinity Ouewis et al. (1985) J. Steroid. 
Biodtem. 22: 387; Parini et al. (1995) Analyst, 120: 1153) and tiie type of bonds that 
need to be interrupted. This will vaiy considerably bttween libraries, dqioiding on tiie 
nature of the antigen-antibody interaction. 
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In this example, significantly higher affinity sFv w^e obtained eluting 
with HQ, pH 1.3 compared to HCl, pH 2.0. In fact, the affinities of sFv isolated after 
elution with HCl, pH 2.0 were no different than results obtained without eluting. 
Similarly y 2.6 M MgCl, was studied because it was previously determined (see above) 
i that it would remove 100% of bound wild type C6.S. This concentration of MgCl^, 

however, was ineffective in duting C6.5 CDR3 mutants. Eluting with higher 
ooncmtcatiQns of MgCls would have resulted in the sdection of higher afiinity sFv. For 
example, 3 M 1^C13 was required to dute 100% of C6L1 sFv (K^ = 2.5 x 10^ M) 
firom a c-erbB-2 ECD BIAcore SCTSor chip and 4 M MgCl2 was required to elute 100% 

Xfl ofCfiML3-9(K^= l.Ox lO^M). 

A convenient way to predict the cyptimal eluent is to analyze polyclonal 
phage in a BIAcore. The results can then be used to design elution conditions to achieve 
optimal enrichmoit for Ugh affinity clones. One approach is to elute sequentially, using 
a less stringent eluent to remove low affinity binders, followed by a mcnre stringent eluent 

li to remove high affinity binders, thus the BlAcore information is used to select 

'washing' reagents which remove low affinity phage antibodies more effectively than 
PBS. This will reduce the number of selection rounds and amount of screening required 
to select and identify the highest affinity binders. 

Hiis strategy is also be useful to isolate antibodies to low density antigens 

2fl on intact cells or tissue. A mild eluent could be used to remove low affinity phage 

antibodies, which are preferoitially selected due to high density antigen present on the 
cell surface, as well as non-specifically bound phage. Phage specific for lower density 
antigms would then be removed using a more stringent solution. 

An alternative to eluting with stringent solutions is to use antigen 

2S, biotinylated witti NHS-SS-Biotin (Pierce) (Grififitiis er al. (1994) EMBO J., 13: 3245). 

All of the bound phage can be released from the magnetic beads by reducing the 
disulfide bond betwera antigrai and biotin. One advantage of this approach is that elution 
of aU phage is guaranteed. Use of NHS-SS-Biotin could be combined with use of a 
milder cduent for washing (detennined by BIAcore analyris) to increase enrichment for 

3Q higher affinity phage antibodies. 

The present eaqperimmts suggest, however, that use of stringrat elurats 
that are chenucally diffemt (acidic, basic, or chaotropic) results in the selection of sFv 
of equally high affinity, but of different sequence. Isolation of sFv of different 
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sequences has a number of advantages. Single amino acid changes can affect expression 
levels in E. coli dramatically. For example, e3q>ression level of C6ML3-5 (100 /xg/L) 
was 100 times less than for wild type C6.S (10 mg/L). Furthermore, different sFv might 
have diffiKOit physicochemical characteristics (dimeiizationy stability, or 
imnmnoreactivity) or evm different effects in vivo (specificity, biodistribution, or 
deaiance). Thus parallel selections using difGnmt stiingmt eluents should result in a 
greater number of high affinity binders than use of a single duent. 

Example 5 

Prodaction of Antibodjpc r«mMiiin«r ria^^HI or QiMm^lU? with P T^flirarv 

I. MgthpdSt ' / 

Construction of sFv combining higher affinity V„ and genes. 

The V,;, CDR3 gme sequences of the two highest affinity sFv isolated from 
the C6VUCDB3 library (C6ML3-9 or C6ML3-12) were combined with the highest 
affinity sFv previously obtained from light chain shuffling (C6L1, = 2.S x 10*^ M). 
The C6L1 plasmid (10 ng/fd) was used as a template for PGR amplification using 
prim^ LMB3 and either PML3-9 or PML3-12 (Table 18). The gd purified PGR 
fragments were reamplified using primers LMB3 and Hull 2-3ForNot (Marks et al. 
(1991) supra.) to introduce a NotI restriction site at the 3'-^d of the sFv. The gd 
purified PGR fragmmts were digested with Ncol and Noil and ligated into pUG119 
Sfi-NotmycHis digested with Ncol and Notl. The resulting sFv were designated C6-9L1 
and C6-12L1. The Vj^ goies of C6-9L1 and C6-12L1 were combined with the Vh genes 
of tiie two highest affinity sFv from the C6VHCDR3 libraries (C6MH3-B1 and 
C6MH3-B47). The rearranged Vh genes of C6MH3-B1 and -B47 were amplified by 
PGR using the prim» LMB3 and PG6VH1FOR, digested with Ncol and Xhol (located in 
FR4 of the heavy chain) and ligated into G6-9L1 or G6-12L1 digested with Ncol and 
Xhol to create G6-B1L1 and C6-B47L1. The heavy chain of G6MH3-B1 or 
G6MH3-B47 was amplified by PGR using LMB3 and one of the PCD primer (PCDl, 
PGD2» PGD3, PGDS, or PGD6; Table 18) to construct combinations of sFv from the 
C6VHCDR3B and D libraries. The purified PGR fragments were sfpliced with the 
fragment of G6ML3-9 (VHD2) that was used to create the G6VHGDR3D library exactiy 
as described above. The full length sFv gene was digested with Ncol and Notl and 
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ligated into pUC119 Sfi-NotmycHis. Clones were termed C6*B1D1, -B1D2, -BIDS, 
-BIDS, -B1D6. -B47D1, -B47D2. -B47D3, -B47D5, and -B47D6. Colonies were 
screened for the presence of the correct insert by PCR fingerprinting and confirmed by 
DNA sequencing. Single-chain Fv were escpressed, purified, and affinities determined by 
SPR» as described above. 



^Jeas on binding kinetics by combining nuaationsfixm high ifffinity sFv. 

As described above, to further increase afiBnity, the sequences of the two 
highest affinity sFv obtained from the VH CDR3B library (C6MH3-B1 or C6MH3-B47) 
were combined with the sequences of sFv isolated from the C6VHCDR3D library 
(C6MH3-D1, -D2, -DS, or -D6). An increase in affinity from wild-type was 
obtained for all these combinations, yielding an sFv (C6-Blb3) that had a 1230 fold 
lower Kd than wt C6.S (Table 16). The extent of additivity varied considerably, 
however, and could not be predicted from the parmtal k^, ka«r, or K^. In some 
combinations, copperativity was obsoved, with a negative 6AGi. Additional 
combinations were made between a previously described light chain shuffled C6.S mutant 
(C6L1, sixfold decreased Kd) and one of two CDR3 mutants (C6ML3-9 and 
C6ML3-12). These combinations yielded sFv with 49 and 84 fold improved affinity 
(Table 16). Introducing the same rearranged Vx. gene into the highest affinity Vh CDR3 
mutants (C6MH3-B1 or C6MH3-B47) resulted in decreased affinity compared to 
C6MH3-B1 (Table S). 



21 



31 



Table 16. Binding kinetics of sFv dwived from C6.5 Vl CDR3 and Vh CDR3 mutants. 
Mutants obtained by combining mutations of C6MH3-B1 or C6MH3-B47 with mutations 
ftom D Ubrary clones (Dl, D2, D3, D5, D6), Rale constants k«, and Ktr were 
measured by SPR in a BIAcore, and the calculated. 



cj.one 


(10-» M] 


[1^ B-» 


Km 
[10^ «-'] 


& 

foarent) 
Krf (mut) 


Kd (mut) 


(keal/mol 
1 


A. Combined mutant:e: C6NL3-9 OR C6ML3-12 with light chain ehuffl 


ed C6L18 


C6-9L1 




9.2 ± 
0.20 


3.0 ± 
0.40 


3.0 


49 


0.42 


"BB=I2n — 


1.9 


0.12 


1.3-1 

0.32 





B4 


- o.ae 


combinea mutants: i 
C6L1S 


b£MU3-Bl 6k 


C6UH3-&47 with lighi: chain sEuI 


fled ■ " 






■■STT-S 

0.19 


2.4 ^ 
0.01 


0.19 


25 




6&-&47L1 


6.0 


■T.in — 

0.16 


l.B-S — 
0.01 




27 " 


+ 0.45 
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w* conDxns 


d mutants t C6MH3-B1 OR C6MH3-B47 with D library mutants: 






4.7 ± 
0.31 


0.15 ± 
O.OOS 


i.8 


500 


- 0.61 


e6-BlB2 


0.15 ~ 


fi.9 ± 
0.42 


O.lO ± 
0.014 


8.0 


1067- 


- 0.07 


6e-BlD3 


0.13 


6.4 i 
0.20 


0.08 Z 
0.002 


9.2" 


1231 


- 0.53 


6&-BU5 


0.35 


5.1 ± — 

0.36 


0.18 ± - 
0.001 


3.4 


457 


- 0.40 — 


C6-B1D6 


0.32- 


4.1 i 
0.17 


0.13T- 
0.002 


3.-B" 


500 


- 0.16 




0.6S 


7.1 ± 
0.95 


0.48 ■ i ■• 
0.001 


1.5 


235 


- O.ll 


e6-B47D3 


0.44 ■ 


0.72 


o:43T-- 

0.001 


" ■■"275— 


364 


+ 0.62 


e6-B47B3 


0.4S 


£.5 i - 
0.2S 


0.32 ±— 
0.001 


■'-21^ 


333 


+ 0.29 


6&-B47fiS 


0.63 


6.2 i 
0.31 


0.39-^ 
0.002 


1.7 


254 


- O.Ol 


C6-B47D6 


o:-?i 


b.il ± 0.30 * 
0.30 1 0.001 


2.2" 


314 


+ 0.17 



Production of C6.S.Biised Diabodies. 

To improve tumor retention sFv dimers (sFv*)j were created as described 
above by introducing a free cysteine at the C-tenninus of the sFv. The dimer had a 40 
fold improved affinity compared to the monomer (K^ = 4.0 x la** M). However, 
evaluation of the C6.5 (sFv*), m vivo, showed no significantly inqnoved tmnor letention 
at 24 hours. Without bang bound to a dieoiy, it is believed that ^ disulfide bond is 
being reduced in vivo, yidding monomeric sFv. 

To obtain a stable nMdecule for evaluation in vivOt a C6.S diabody (also a 
(sFv),) was produced without introducing a cystdne and oosslinking. Instead, the 
diabody was produced as described in HoUiger et at., Pmc. Natl. Acad. Sd. USA., 90: 
6444-6448 (1993) (see also WO 94/1^). To produce the C6.5 diabody. the peptide 
linker sequence between the Vh and Vt domains was shortened from 15 amino acids to 5 
amino adds. Tliis was done at the genetic level. Synthetic oligonucleotides encoding the 
5 amino add linker (G4S) were used to PGR ampHfy tiie C6.5 V„ and Vl genes, which 
were tium spliced together to create die C6.5 diabody gene. The diabody gene was 
ckmed into pUC119mycI£s, the diabody acprtssed, and purified by IMAC followed by 
gel filtration as described above. 

The affinity of the diabody was measured using sur&ce plasmon resonance 
in a BIAcore and found to be 4.2 x lO"*" M, wiUi a k^ of 3.2 x 10^ s *. The retention of 
die FTTC labded diabody on the surface of c-otB-2 expressing cdls was ddmnined by 
FACS. After 180 minutes, 77% was still retained on die cdl sur&». Assuming an 
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exponratial decay for binding, this value for cell surface retention correlates with a k^ff of 
7 X 10^ s'^ This is significantly slower than the measured on the BIAcoie, and 
suggests that c-eibB-2 density is higher on the cell surface than the doisity used for the 
BIAcore measurements. 

Hie retention of the C6.S diabody in scid mice bearing subcutaneous 
SK-OV-3 tumors was compared to C6.5. Single diain Fv were ladio-iodinated uang the 
chloramine-T method, and 2S fig injected into mice. Values are shown in Table 17 and 
plotted in Figure 4. At 24 hours* tumor retention was 6.48% of the injected dose/gm of 
tumor, compared to 0.98% for C6.S. Tumonblood ratios were 9.7:1 for the diabody 
and 19.6:1 for tfie C6.S sPv. Significant amounts (1.41%) of the diabody was retained 
at 72 hours. The total area under the curve (AUQ for tumonblood was 2.3:1. 

The ability of the C6.S diabody to be internalized into c-^B-2 expressing 
cdls was compared to C6.S sFv and higher affinity C6.S mutants. Only the diabody was 
internalized, oonsistait with studies using monoclonal antibodies to c-erbB-2 which show 
that crosslinking of c-erbB-2 results in internalization. This does not occur with all 
anti-c-^B-2 antibodies, but rather is epitope dq)endent. Thus C6.5 recognizes an 
internalizing epitope, but internalization only results when the receptor is crosslinked by 
the diabody. This opens up the possibility of creating diabody-toxin fusions (since toxins 
must be internalized to be active). It is bdieved that C6.S also causes signalling through 
c-eifoB-2 via cross-linking of the receptor and activation of the tyrosine kinase activity. 
It has been shown that activation of the cell through c-erbB-2 signalling increases the 
sensitivity of the cell to conventional cancer chemothoapeutics. Through activation of 
the kinase, C6.S is i^qiected to have therapeutic properties when combined with a 
convoitional cancer chemotherapeutic. 



Table 17. Tissue distribution of diabody as a function of time. 



Time 
(Hrs) 




C6.5 


Tumor 

inean±se 


Blood 

inean±se 


Tumor 

mean±se 


Blood 

mean±se 


0.08 




42.08 ± 0.77 






1 


6.93 ±0.39 


21.47 ± 1.67 






4 


10.06 ± 0.63 


6.73 ± 0.29 


0.98 ± 0.08 


0.05 ± 0.01 


24 


6.48 ± 0.77 


0.67 ± 0.05 
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2.42 ± 0.18 


0.11 ± 0.01 






72 


1.41 ± 0.13 


0.06 ± 0 







Table 18. Sequences of i»imers used in the fonpgoing examples. Nucleotide mixtures 
used, molar fraction: 1: A (0.7), C, G, and T (0.1); 2: C (0.7), A, G, and T (0.1); 3: 
G (0.7); 4: T (0.7), A, C, and G (0.1); 5: C and G (0.5); 6: C (0.7) and G (0.3); 7: 
C-(0.3) and G (0.7); 8: A, C, G, and T (0.25). 



Priaar 




LNB3 


5« -CA6GAAACACCTATGAC-3* 


fd-seql 


5 • -GAATTTTCTGTATGAGG-3* 


PHEN-lseq 


5 • -CTATGCGGCCCCATTCA«3* 


Linkseq 


S> -CGATCCGCCACCGCCAGAG-3* 


PVNIForl 


5»*TCGCGCGCAGTAATACACGGCC6TGTC-3< 


PViOPerl 


5»-TC6CGCGCA6TAATACACA6CCeT6TCCTC-3* 


PVHSForl 


5 • -TC6CGC6CAGTAATACAT6GC6GT6TCCGA-3 * 


PVH1For2 


5 • •GA6TCATTCTCGACTT6CGGCC6CTCGCGC6CAGTAATACAC6GCCGTGTC-3 • 


PVH3For2 


5 > -GAGTCATTCTCGACTT6CGGCCGCTCGCGCGCAGTAATACACA6CCGTGTCCTC-3* 


PVH5For2 


5 • -GAGTCATTCTCGACTTGCGGCCGCTCGCGCGCAG7AATACATGGCGGTGTCCGA-3 • 


K bOwL 1 DBCK 




RJK1/2/6Xho 


5 • -ACCCTGGTCACCGTCTCGAGTGGTGGA-3* 


RJHSXho 


5 ' - ACAATCGTCACCGTCTC6AGTGGTGGA-3 • 


RJH4/5Xho 


5 • -ACCCT66TCACC6TCTCGA6T66TGGA-3* 


PC6VH1For 


5 • -GAGTCATTCTOSTCTCGAGACGGTGACCAGGGTGCC-S • 


VL1 


5' •GTCCCTCCGCCGAACACCCA,5,2,2.5,3,1,6,1,3,5,3J,7«4,2,7«4,2»2,2,1.5,3»2»5,3,2,ACAGTAA7 
AATCA6CCTCAT»3' 


VL2 


5' -GAGTCATTCTCGACTTGCGGCCGCACCTAGGACGGTCAGCTTGGTlXaCCGCCGAACACCM 


VHA 


5' -6C6CAGTT6GAACTACT6CA,5,8,8,5,8,8,5,8«8,5,B,8,ATGrCTCGCACMAAATACAC6GC-3* 


RVHA 


S' -TGCAGTAGTTCCAACTCCGC-3* 


VHB 


5' -GTATTCAGGCCACTTTGCGCA,S,8,8,5,8,8,5,8«8,5,8,8,GCAATATCCCACGTCATGTC-T 


RVHB 


5' -TGCGDUUU.TGGCCTGAATAC-3' 


VHC 


5' -CTG6CCCCAATGCTG6AAGTA,S,8,8,5,8,8,CCA,5,8,8,5,8»8,GCAGTTGGAACTACTGCAATATCC-^ 


RVHC 


5' -TACTTCCAGCATTGGGGCCAG-r i 


VHO 


5' •GACCAGGGTGCCCT6&CCCCA,5,8,8,5,8,8,S,8»8«5«8,8rnCAGGCCACm6CGCAGTTGG-3' 


RVKD 


5' *TG6GGCCAGGGCACCCTGGTC-3* 


C6hi8not 


5* -GATACGGCACCCGCGCACCTGCGGCCGCATGGTGATGATGGTGATGTGCGGCACCTAGGACGGTCAGCTTGG-3' 


PHL3-9 


5* -CCTAGGACGGTCAGCTTGGTCCCTCCGCCGAACACCXAACCACTCAGGGTGtAATCCCAGGAtGCACAGT 


PHL3-12 
PC01 


S' -GACG6rGACCA66GT6CCCT6GCCCCAAACGTGCAGCCATTCAGGCCACTTT6CGCA-3' 


PC02 


5* -GACGGTGACCA6GGTGCCCTGGCCCCATACGCCCAGCCATTCAGGCCACTTTGCGCA-3' 


PCD3 


5' -GACGGT6ACCAG6GTGCCCTGGCCCCAGTTGTCCAACCATTCAGGCCACTTT6CGCA-3' 


PCDS 


5' •6ACGGTGACCAGGGTGCCCT6GCCCCACATCTGCATCCATTCAGGCCACTTT6CGCA-3* 


KD6 


y •GACG6TGACCAGGGT6CCCTGGCCCCAGGGGTACATCCATTCAG6CCACTnGCGCA-3' 



It is understood that the examples and embodiments described herein are 
for illustrative purposes only and that various modifications or changes in light th^eof 
will be suggested to persons skilled in the art and are to be included within the spirit and 
purview of this application and scope of the appended claims. All publications, patmts, 
and patmt applications cited heidn are her^y incoiporated by reference. 
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WPATK CLAIMED TS: 

1 LA human antibody that specifically binds to c-erbB-2, said antibody 

2 being a C6 antibody. 

1 2. The antibody of claim 1, whezein said antibody has the variable 

2 heavy (Vh) chain of C6.S. 

1 3. The antibody of claim 1, wherein said antibody has the variable 

2 light (Vh) chain of C6.S. 

1 4. The antibody of claim 1, whoein said antibody is C6.S. 

1 S. The antibody of claim 1, wherein said antibody has the amino acid 

2 sequence of C6.5. 

1 6. The antibody of claim 1, wherein said antibody has the amino add 

2 sequence of C6KfL3-14. 

1 7. The antibody of claim 1, wherein said antibody has the amino add 

2 sequence of C6LL 

1 8. The antibody of claim 1, wherein said antibody has the amino add 

2 sequence of C6MH3-BL 

1 9. The antibody of daim 1, wherein said antibody has the amino add 

2 sequmce of C6ML3-9. 

1 10. The antibody of claim 1, wherein said antibody is selected from the 

2 group consisting of an antibody having a domain with one of tiie amino add 

3 sequraices shown in Table 10, an antibody having a Vh domain with one of the amino 

4 add sequmces shown in Table 12, an antibody having a Vj. CDR3 domain having one of 
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5 the amino add sequences shown in Tables 4, 15, and 16, and an antibody having a Vh 

6 CDR3 domain having one of the amino acid sequmces shown in Tables 13 and 14. 

1 11. The antibody of claim 1, wherein said antibody eaqxressed by any of 

2 die clones listed in Table 16. 

1 12. The antibody of daim 1, wherein said antibody is an Fab. 

1 13. The antibody of dmm 1, whoein said antibody is an (Fab*),. 

1 14. The antibody of daim 1, wherein said antibodyCsFV*),. 

^ 15. The antibody of daim 14, wherein said (Sfv')2 is a fusion protein 

2 of two sFv' £(agments. 

1 16. The antibody of claim 1, wherdn said antibody is C6.5 Fab. 

1 17. The antibody of claim 1, wheiem said antibody is C6.S(Fab*)2. 

1 18. The antibody of daim 1, v^erdn said antibody is C6.5(sFv*),. 

^ The antibody of claim 1, wherein said antibody has a zanging 

2 ftom about 1.6 X 10^ M to 1.0 xlO-»»M in SK-BR.3 using a Scatdiaid assay or again 

3 purified c-eibB-2 by sur&ce plasmon resonanoe in a BIAcore. 

1 20. The antibody of daim 19, wherein said K« is about 1.6 x 10^ M. 
2 

^ 21. A nuddc add encoding a human C6 antibody that spedfically 

2 binds to c-eiW-2. 

1 22. The nuddc add of daim 21, wherdn said C6 antibody binds to 

2 SK-BR-3 cdls with a K« less dian about 1.6 x lO* as determined using a scatchazd assay. 



BNSDOCID: <WO 9700271A1J_> 



wo 97/00271 PCT/US96/10287 

103 

1 23. The nucleic acid of claim 21, wherein said nucleic add encodes an 

2 an antibody selected £rom the group consisting of an antibody having a IV^ domain 

3 containing one of the amino acid sequences shown in Table 10, an antibody having a Vh 

4 domain containing one of the amino acid sequences shown in Table 12, an antibody 

5 having a CDR3 domain containing one of the amino acid sequences shown in Tables 

6 4, IS, and 16, and an antibody having a Vh CDR3 domain containing one of the amino 

7 add sequmces shown in Tables 13 and 14. 

1 24. The nudeic add of claim 21, wherein said nucleic add encodes the 

2 variable Ught(VJ chain of C6.S. 

1 25. The nuddc add of daim 21, wherein said nucldc add encodes the 

2 variable heavy (Vh) chain of C6.S. 

1 nucldc add of claim 21, wherein said nucldc add encodes 

2 C6.5. 

1 27. The nucldc add of claim 21, wherein said nucldc add racodes the 

2 the amino add of a C6.5 antibody and conservative amino add substitutions of said C6.5 

3 antibody. 

1 28. A cdl comprising a recombinant nuddc add that encodes a human 

2 ...antibody that specifically binds c-ecbB^2, wh^ein said antibody is a C6 antibody. 

1 29. A chimeric molecule that specifically binds a tumcn- cdl bearing c- 

2 eibB-2, said chimeric molecule compiising an effector molecule attached to a human C6 

3 antibody that spedfically binds c-exbB-2. 

1 30. The chimeric molecule of claim 28, wherein said C6 antibody is a 

2 single chain Fv (sFv). 
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1 31. The chimeric molecule of claim 28, wherein said effector molecule 

2 is selected from the group consisting of a cytotoxin, a label, a radionuclide, a drug, a 

3 liposome, a ligand, and an antibody. 

1 32. The chimeric molecule of daim 28, whmin said effector molecule 

2 is z, Ps&idomonas exotoxin. 

1 33. The chimmc molecule of daim 28, wherein said chimeric molecule 

2 is a fusion protein. 

1 34. A method for making a C6 antibocty, said method cdnqirising: 

2 i) , providing a phs^e library presoiting a C6.S variable heavy (Vh) 

3 chain and a multiplicity of human variable light (VJ chains; 

4 ii) panning said phage library on c-erbB-2; and 

5 . iii) isolating phage that specifically bind said c-erbB-2. 

1 35. The method of claim 33, further comprising: 

2 iv) providing a phage library presenting a the variable light chain (VJ 

3 of the phage isolated in step iii and a multiplidty of human variable heavy (Vh) 

4 chains; 

5 v) panning said phage library on immobilized c-erbB-2; and 

6 vi) isolating i^iage that qiediically bind said c-erbB*2. 

1 36. A method for making a C6 antibody, said m^od comprising: 

2 i) providing a phage library presrating a C6.S variable light (VJ 

3 chain and a multiplidty of human variable heavy (Vh) chains; 

4 ii) panning said phage library on immobilized c-erbB-2; and 

5 iii) isolating phage that spedfically bind said c-abB-2. 

1 37. A m^od for maldng a C6 antibody, said method comprising: 

2 i) providing a phage library presenting a C6.5 variable light (VJ and 

3 a C6.5 variable heavy chain oicoded by a nucldc add variable in the sequence 

4 encoding the CDRs such that each phage display a different CDR; 
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1 ii) panning said phage library on c-erbB-2; and 

2 iii) isolating phage that ^)ecifically bind said c-eibB-2. 

1 38. A method for impairing growth of tumor cells bearing c-erbB-2, 

2 said method comprising contacting said tumor with a chimeric molecule comprising a 

3 cytotoxin attached to a human C6 antibody that specifically binds c-eibB-2. 



1 ~39. A method fcir detecting tumor cells bearing c-erbB-2, said method 

2 comprising contacting said tumor with a chimedc molecule comprising a label attached to 

3 a human C6 antibody that specifically binds c-erbB-2. 

1 40. A polypeptide comprising one or more of the complementarity 

2 determining regions (CDRs) whose amino add sequence contains a CDR sequrace 

3 selected from the group consisting of the CDRs listed in Tables 4, 10, 12, 13, 14, IS, 

4 and 16. 
1 

2 41. A nucleic acid molecule comprising a nucleotide sequence 

3 encoding a single chain polypq>tide that exhibits the antilxxly-binding q>ecificity of a 

4 human C6 antibody, said polypeptide comprising: 

5 a) a first polypeptide domain, comprising an amino acid sequrace tiiat 

6 is the binding portion of a variable region of a heavy chain of a human C6 antibody; 

7 b) a second polypeptide domain, comprising an amino add sfqupnrp 

8 that is the binding portion of a variable region of a light chain of a human C6 antibody; 

9 and 

10 c) at least one polypeptide linkers comprising an amino add sequ»ce 

11 spanning the distance between the C-terminus of one of the first or second domains and 

12 tiie N-terminus of the other, whereby said linker joins die first and secmd polypeptide 

13 domains into a single chain polypeptide. 

14 42. A polypeptide which exhibits immunological binding properties of 

15 a human C6 antibody, said polypeptide comprising first and second domains connected 

16 by a linker moie^, whodn: 
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1 a) the first domain comprises at least one amino acid sequence that is 

2 a CDR derived from a heavy chain of a human C6 antibody; and 

3 b) the second domain comprises at least one amino add sequrace that 

4 is a CDR derived from a light chain of a human C6 antibody. 

1 43. The polypeptide of daim 42, wherein the first domain comprises a 

2 a heavy diain of a human C6 antibody. 

1 44. The polypeptide of daim 42, wherein the second domain 

2 comprises a light chain of a human C6 antibody. 

1 4S. An expression cassette, comprising: 

2 a) the nucleic add molecule of claim 41; and 

3 b) a control sequence operably linked to the nucleic molecule and 

4 capable of directing tiie e3q>ression tiiereof . 

1 . 46. An expression cassette, comprising: 

2 a) the nucldc add molecule of claim 41; and 

3 b) a control sequence operably linked to the nucldc 

4 molecule and capable of directing the expression ^'hereof . 

1 47. An ^qiression cassette, comprising: 

2 a) the nuddc add molecule of claim 41; and 

3 b) a control sequence cipeiably linked to the nucldc 

4 molecule and capable of directing the expression tiiraeof . 

1 48. A method of inducing the production of a polypeptide, comprising: 

2 a) introducing the oqiression cassette of claim 47 into a host cell 

3 wh»rd>y the cassette is compatible with tiie host cell and replicates in tiie host cell; 

4 b) growing tiie host cdl wherd>y tiie polypeptide is expressed; and 

5 c) isolating the polypeptide. 

1 49. A method of inducing the production of a polypeptide, comprising: 
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1 a) introducing the expression cassette of claim 47 into a host cell 

2 whereby the cassette is compatible with the host cell and replicates in the host cell; 

3 b) growing the host cdl whereby the polypqMide is expressed; and 

4 c) isolating the polypeptide. 

1 SO. A method of inducing the production of a polypqitidCi comprising: 

2 a) introducing the ei^ression cass^ of daim 47 into a host cell 

3 whereby the cassette is compatible witii tiie host cell and replicates in the host cell; 

4 b) growing the host cell vAieidby the polypeptide is 

5 ^pressed; and 

6 c) isolating the polypeptide. 
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